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th Investigation of Neutrino Interaction in_14-Foot Bubble Chamber

at NAL Accelerator,

i.A.Volkov,P.F.Ermolov,V,.X . Kurbakov, A,I.Mukhin,V.N.Folomeshicin,

ABSTRACT,

The possibllities of investigating the interaction of high energy neutrino
(antinautrino) in the 14-foct bubble chamber of NAL have been considered.

In tho cases when it is possible, there are preeented the estimations of the
expected number of the events for various prbcenaos caused by neutrino, ths bubble
chasber being filled with hydrogen, deuterium and neon. The experiments with diff eront
operational fillings of the bubblo chember allow to gain tho mont complata pleture

of neutrino interactions under the optimm conditionss’




Ieontrodun+ion,

Sxperinental studies of the interaction of high emergy neutrino at the accele-
rutors are of yreat intereat for the weak interaction theory. These results as any
other resulip Za investigating unimown nature phenomena are extremely interesting,

The problows of high energy neutrino axperiﬁm‘bal phyeics have been treated
(1-10)

and they are well known,

mony -timea and 4in gletail, in particular., in paperd
Therefore we would not like to consider thex;: in *he present proposal,

Wo present a brief discussion of the experiment with application of ths NAL
14~foot bubble chamber, used as a device that will prfruride~ a detailed investigaticn
of kinematic analysis of the events undéf-‘ observation,

A3 hydrogen and deuterium targets are to be used in e.g. quanidiiative investiga~-
ticna of elamstic acaftaring‘ or production qf nucleon excited mtates, while more mage
sive targgts are required in the search for new particlea., therefore a number of
exg«sarimenta with mrioua pum'suhstancesv such as hydrogen, deuterium and neon is prew
feroble to be carried out.

A group of IHEP physiciets could pérticipate in ﬁsndling the bubble chamber.
pictures, obtained with different fillings of the cher and in discussing the ob-

oyt

*ained results,

II.Neutrino Spectra,

Neutrino energy spectrum is fully detirmined with angulsr and energy plon and
kei.on‘l,diatﬁbntion (nain néwtrino sources); with the experimental area geometry and
the focuaing system,
n . For estimation of meson .spectra we ise an empirical formula, that gives a satis-
factory di:acri;tion fdr all 1;he preaént known expez‘imental meson apectra in ithe pro-
ton enerey region of E°$ 70GeV in a wide angle andA momentun range. The formula is of

ths forms:



http:problOOl.t1

. .
2 » : w2 2 -
S ael- ) e (- 5)l- x5 - 1 90,
Ox) = (1-Flexp (Bx?) +Fexp (-6x%),
x =£-5n8, A=A,/EMY, S=2M(M+E),
Y= fo (E-PVocosB), .
5?0 = \/Tg—/ZM :
K . dnomatic emergy lizit for mesons.
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4. ¥ide Bapnd Neutrino Srectrum.

The regsults of ca.lc;xlating neutrino spectra, normalized for one intéracting Pro—
- tor with on:EOO GoV, are pxtesonted in Fig.‘l. The length of the decay path L and the
decey channsl disneter d were takem to be egqual to 45 il and 1.0 m correnpondingly,
The muon shielding waa taken to be equal fo 71000 =,
Tot knowing the parameters of the focusing system, we had to caloulats muon
and electron-neutrino spectra for the perfsct case of meson focising {curves 1,3) and muon
neutrino spectrum in the absence of any focusing (cumve 2).
Téking #nto account the information on the parsmeters of now existing focusing
zystems and on the target efficiency, the perfect focusing is reasonably assumed to
srovide Iintensity approximately three timeas hisher than neutrino mtenaitf, Qh‘cainable

undar real conditions,

B, Honochromgtized Neutrino Peam.

The application of a monochromatized neutrino besm is advahtageous in snalyging
neutrino events as compared with the application of a continuous spectnum.

Thers are two peutrino "lines" from plon and kaonidecay., in the monochromatized
bezm; they differ in energy approximately two times, Therefore even a very rough esti-

zation of the total energy of an interaction in the bubble chamber with a "visibale®



http:interacti.ne

3 ‘ N

vergy release will allow to assign as event to one of the two available poasibilities
~» eatimation resulta of the expected moneochromatized neutrino intensity et NAL acce-

Lerator at the proton beam energy 200 GeV shown in fig.l. The shapes of reutrino "lines"

o .
.3rsgeated in fig.1) obtained in pion and kaon decay are related to the following assuap~

Y
pegeivi4

1. The full xddth of the line frou K*}L\’ decay equals 12%,

2. Meson bearis parallel.

3. Seleotion cf neutrino events inr the detector is limited with a cylinder with

13 neutrinos frmff*j—l\?decay and 3.5 1012 neutrinos

0.5 » radiva, Then 2.2 10
from K‘*}A\’ dacay mcy be expeoted per 1018 protons interacting with the target, The
#8¥s nf monochromatizing the meson beam define the level of continuous

background, Standard quadrupole lenses may be applied along with the specielly con-

gtructed lenuose.

TI7.5eutring Interectlonn,

The number of neutrino events in the bubble chambef is éstimated for the fiducial
solune of 20 m3 ané for the nemtrino spectra, fig.l.

Taidng into eccount the remarks on the efficlency of the now-existing focusing
aystvema, the neutrino intensity wivth the nerfect focusing was decreased uniformly
% tizes in the entire gpactra, ' |

A; Toial Wuaber of Bvents (Boson Production not Taken into Account)

Toe total cross-section of neutrino interection with nucleon was assumed to be
squal to ".r".103 3 czaz (E-neutrino energy in GeV) Fig.2 presents the energy spectrum
of tha eyemte in hydrogen.

Attentior should be paig 4 to the necas;sit; of a rather good determination of
interacting neutrino energy in each individual case both for the deternination of the
total cruss-gsecticu ensrgy dependence and for the investigation of the differenfial

astructure of inelssatic Interaction d z6/ d“: Ci\) .

Here the filling of the bubble chamber with nedn is preferable. It is desirable
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to carry out the experiment at two-three energy values 'or the monochrowetized neutri~
no beam that will give a possibility to receive 4-6 experimental paints in tre cross-
saction dépendenca upoh the energy, | | |

The approximate number of interactions in neon can be recieved if one makes use
of the estimations of the monochromatiged beam intensity: i.e. &t %40 GeV it is sbout

1000 events and at B=100 - aboﬁt 400 events ( per io'ainteracting protons at &3200 Ge?).'

By ¥-Boson,

The erpected number of W-boson production beventa for' different W~boson mssses
in the reactions VN -» W N and VN "W+ hadrons 1s shown in fig.3. This
nuxber will be at least one order of magnitude higher in neon under othex equal con~-
ditionse | , |

It zeems to us that the identification ofWboson in _the bu‘o"éle chémbér by obsaf-
ving pegative muon and positron from W '—e* Vedmy is the moat muablc wag for
the hydrogen filling as well as for the neon one, »

In the experiment with 200 GeV protons the veotor boson can be found ir ita

zass does not exceed 8-10 GeV (eoe Table 1).

C.Quasielaptic Neutrino(Antineutrino) Seattering.

The combinad experiment, i.e. neutrino an& antineutrine scattering by neutron
and proton in hydrogen and deuterium vn»)i'p N GQ *ﬂ*n ig of great interest. V

In the deuterium bubble chember antineutrino will be identiried with ~ 30%
protability ( 1t is the probebility of neutren inteﬁction in the fidﬁcial volume
of the chamber). |

The total number of quasielastio sceittering events in deutérium comprises approxi~
zately 240 and ¢0 ( per 1018 interacting protons) for reactions Vhn —» }4“{3»
end SP"“' }.t*n R correa;;omiine;ly. Thus the duration of the experimen1; in the .

sntinoutrinoe beam should be appmxiutel:y one order of mgnitude higher than tha one
in tho noutrine beam. «
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-
&g the Jirot atepn this {ovesthgation uway be peffarmed with neon filling when the

o &0 Intarpctions will te an order of magnitude higher,

Tho :{; distribution of elastic events is shown in fig.1.

T e Florn Bwentn,

. . ®
Tsble 1 presents the expected number of the events for production of N 1236 in
ayarogen:  and deuterium,

’ %
The cross-uection of thes reactions VN -*MN "at the neutrino energy above 5 GeV ars

- o -3 2 » - 2 * L ~79 2
gatimated an 6 (¥ =12%6)-4,10 ”gcm ;. O (N =1650)=2,5,10 jgcm :&N =1525=2.10 " Tem

Tor cowpurison 4n appro-imate number of one pion events is indicated in the Trble,
Thourht the number of the evenss fn neon will be an order of megnliude higher an compared

vith hydrogen and deuterium. the latter are more preferable thanke to their higher reliebilij-

Broiln dnierpeetation,

S livrerar Sreduetiong

A constderable number of hyperon production events can be expected in Antineutrino

bwam. The estimations of the number of the events in deuterium per 1018 interscting protons

ara cuated in Table 2.

TABLE 2,
ACTIGH VP2 uTA [ IpMTE® I YnaptsT [ U gty
e e e ;2 % 4 )
Y PR AR ODAMIEE S 1. Il e 7 14 ‘5

v

The fifilling of the mis A Q "A S in neutrino processes at high ensrgyk;}:m
alno Pa checked in the neutrinoe beum. The check accuracy wiil be iimitsd with uncerfainty
of vur smovledge of the antineutrino contamination (1%) in the neutrino beam, The expected
nwrdar of hyperon production events in neon is al.so given in the Table,

6 F, Tenlor Pairy and V&e,‘ Scattering,

Trhe Teaction Vo € -» Vo€ ;. VJA N wﬁ*}kn\}”N ; V}‘N — M e*ve N

%iil not De practicelly obse:ved im hydrogen, deutsxiym and neon {see Table 1),




g.Renetion V);, € » v."* e Py

The process of muonic neutrino-electron scattering WV, €& — WY €  1is possible
wi;hin the usual weak foar-fermion interaction scheme due to higher orders of"wcak‘ interw
action hamiltonian, When the weak interaction ‘t:aing‘not cut off up to the unitary limit
the cross-gsection of this process can have the same order of :méxgnitudeaa Vo€ >y €
cmsa-aeétion. |

The reaction V,,G-’Vke may exist in the theory of weak noutral currents (12), as
vell as in the ldpaanov scheme (13), if there is a deviation from (V-A) intoraction.

The existauncs of this process 1ls a natural consequence of the existence of the
intermediate ecalsi' B-boason.

Tiue numbor of the scattering events in the 14-feet bubble chﬂmbefr is givem 4in
Table I vnder agaunption, that tha cross-gection of this reaction is 5 1l .b 10""1'& c:nz.

Hore it showld be noted that the bubble chamber filled with meon mway come o 13

tho most prrspective detecting device for V” e —» v » e scattering detection.

F.Ssarch for Heavy Leptons.

At the mass of }.(’-- lepton being nét very large (3* 4 GeV) the totsl nweber of the
oroduced events in the reaction VB n- }4’-P , Where }4 Z is & heavy lepton with muonic
quan tum nunbers practically equals the total number of the elastic events of V,\ n- }‘..P
scattering.v | |

The production of heavy }leptons wi’th a lepton quantum pumber different from the

muonic one is similar to the production off the muon pair in the Coulomd field. Thercfors

-~
e

the relation: ‘
E(VWZ2 =) A™Y,2) £ 6 V27 u "V, z)
is wvalia.
The expected nmumber of the events for both reactions is enlisted in Table I.

‘A detailed analysis of the production procsss of heavy leptons ix given in papers

/36, 11/
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L. Semparison of \},u N and \)e N intoractions.

Ths muen pautrino bean alway, contains & certain percentage of electron neutrinos
from Ke -decey. Aa 1% 1o seon from the Table, the total number of the electrom neutrino
¥l

iatarections in neon becories sufficlent for quantitative comparison.

J« nexpacisd Ihenonensa,

In the high ensrgy neutrinn experiments as in any other area, where the investi-~
guticng are at the very beginning new phenomena and unexpected processes may dsvelop.
Uniortunatelytthere are no ways to make any reliable estimstions ob their probtability,
bul in any cage, if they do appeasrin the experiments with the bubble chamber, the result
«ili oe »{ the greatast interesat.

Barolepton production is one of such possibilitiesn, CERN Keutrino experiment seems

%o give sore hints on its production, Or as an example it may be hypothetical '.mﬁsuany

nironyg neutrino-neutrino 1nteractior/ M‘/ .

Srpelusiong

¥e would like to take part in the neutrino experiment at the NAL accelerator mainly
ny participating in orocessing n’aoma pistures from the RAL bubble chamber on the THEP
aewsrins-neasuring cvetems,

Bearing in mind the estimations of the expocted mumber of the events { at 10?3 inter~
acting protons per pulse) we assume, that 5‘.1050 106 pit;':tures in each exposure of the
bubble chamnbsr in the neutrino beam with hydmgvah. deuteriu: and neon filling, and abcut
106 pictures in the antineutrino beam with deuterium filling of the chamber are neceded to
solve the problems discussed in the proposal. It would be desisrable to have 105 pictures

with rnoon in the monochromatized neutrino beem at 2-3 meason energies,

The proton beam with anzoo GeV prefersble in the first experiment with the hubdle

cramber,
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At the ;;resent moment the Institute for High Enerzy Physics is preparing & system -
for processing the bubble chamber pictures, in particular, it can analyse big european
bubble chiamber pictures, As the déptics of the NAL chambex: is planned to be similar to

the BEBC' optics, our system will be able to analyze pictures from .the NAL bubble
chamber too. In this semiautomatic devices will be apllied, and‘il;.' it becomes useful the
automzatic device FSD and the one with CRT will also be used. We could handle some fraction
of pictures from any of the above ﬁentionod exposurea of the glmmber.

About 10 phyaicists may participate in the experiment,




TABLE I

Eg = 200 Gev, L = 450 m, T = 1000 m, R,
: Bubble Chamber (H,, D2, Ne).

= 1,25 m 14 - foot

18
Number of V¥ - events per 10
interacting protons

(d¥
= e
G )= f@aa‘”—
-38 -41
1.| Number of V- events for 6 = 10 ecm? | 2,38.10 330 430 2800
All N -events without -W-boson pro- _40 «
2.| duction 3,3.10 4600 5800 | 39009
3| Elastic ¥ - events *) Vh —~ pp 1,43.10" 41 - 260 1700
-4
q?y 1 1,9.10 2 _ 34 230
a? > 2 7,17.16% _ 13 83
a >4 2,13.10 _ 4 27
a6 9,7.1044 _ 1,7 12
) A 'S ~42
4. Blastic v - events n)P —- p*n 2,38.10 33 43 280
> 1 3,23.10 %3 4,5 6 38
2 .
Q" > 2 1,2.10°% 1,7 2,2 14
2 . - 44
a‘ > 4 3,6.10 0,5 0,67 4,3
2 -44
a > 6 1,57.10 0,22 0, 28 1,9
5. Onelpion events 1,2,10”41
- [] ’
Nen — 7+ p+q . 36 240
- t+
: — tn +r
Ven — M _ 18 120
- +
+ — + + ﬁ'
NP S*P 120 160 1100
6 12 33 43 280

~
Hyperons production (N - beam)

2,38.10°




" TABLE I

{Continued)
' 18
Number of J - events per 10
interacting protons
1654 dE,
2 D2 Ne
+) o™ -45 .
7. 4,0.10 0,044 0,060 0, 370
/_ *ok
s | ¥ \)ﬂn — MP 6™*) £ g*) N < 260 | £1700
++4) - + ++ g
9. \)JuP — M sz\ P 6 L{. & * |<€0,0a4 | c0,060 |£ 0,370
10 \)ﬂQ — de 8,3.10743 8,5 10,6 72,
-45
11. \)QQ — \)ae 8,3.10 0,085 0,106 0,72
12.] Production of W - bosons
SN - WLM + hadrons
M = 2 Gev 7,0.10‘40 7700 10000 65000
4 Gev 6,0.10741 660 860 5600
-41 A '
6 Gev 1,0.10 110 140 910
8 Gev 1,2.10"%2 13 17 110
Production of W - bosons
NV — WaN 40
M = 2 Gev 5,0.10 5500 7100 46000
, .
4 Gev 2,17.1074 240 310 2000
-4
6 Gev 1,1.10 2 12 16 107
8 Gev 1,3.10713 1,4 1,8 12
-3
u s % o e+ e
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Fig.3. Vector meson production.




