
NAL PROPOSAL No. 122 

Scientific Spokesman: A. A. Volkov 
Institute of High Energy Physics 
P. O. Box 35 
Serpukhov, Moscow Dist. USSR 

ON INVESTIGATION OF NEUTRINO INTERACTION IN 14-FOOT BUBBLE CHAMBER 


AT NAL ACCELERATOR 


A. A. Volkov, P. F. Ermolov, V. I. Kurbakov 

A. I. Mukhin, V. N. Folomeshkin 

Institute of High Energy Physics 

Serpukhov 


December 1970 



en Investigation 	of Neutrino Interaction 1n 14-;'oot Bubble Cbambe£ 


at HAL Accelerator. 


A.A.Volkov,P.F• Ermolov ,V.I.Kurbokov, A.I.Jolukh1n, V.Jl.Folomeabkin •. 

AES'I.'RACT, 

The posaibll1ties of investigating the interaotion ot high energy neutrino 

(antinautrlno) in the 14-foot bubble chaIIlber of NAL haYe been considored. 

In tho caoes when it is possible, there are presented. the estimatioon of tho 

expected DUlllber of the events for various processes caused by neutrino, the bubble 

chamber being filled nth hydrogen, deuter:l:ulIl and neon. The experilnento with ditfaront 

operatiODAl. fUl.1n&e ot the 'bubble cballlber ·allov to gain tho moat complete picturo 

of neutrino interactions .under the opt1lllum conditi.c:ma.' 



Experl:'nOT. tal 8tudies of the interaction of high energy neutrino at the neeels­

rutorlS are of t'reat 1ntereat fer the weak interaction theory. These reEJUlte as any 

ot.har ra,'JUltD !,n invootit:;nting unknown nature pbenom'3Il& are extremely interesting. 

The problOOl.t1 of high energy neutrino experimental phyeics have been tree. ted 

t ' d 1 (1-10):-z...'Ul,]" a0a an in detai , in particular., in paperS and ,they are w~ll known. 

Tho~t'oro 0'0 would not like to consider tilem in ·~le present propo381. 

\10 preesnt a brief disCUBeion of the experiment With applies tion of the NAL 

14-foot bu.bble chamber, used as a device that 'Will provi" a detailed inv6atigaticn 

of kinematic analysis of the events under' observation. 

A3 hydrogen and dfJUterium tareete ar" to be used. in e ..g. quantitative inveet1ea­

tiona of elastic scattering or production of nucleon excited "tat~et while more was­

.1li.,o targ~ts are required in the search for new particloa•• therefore a nUlllber of 

'll."tptlrimenta with various pure substances such as hydrogen, douterium and neon io pre­

rarable to be carried out. 

A group ~f IHEP physicists could participate in handling the bubble chamber, 

pictureo, obtained with different fillings of the chamber snd in discussing the ob­

:oT ' 

t.n1ned resulte. 

II.Neutrino SF~ctrat 


Neutrino energy spectrum 18 tully deti:rm1ned wi th a.ngulJlr and energy pion' and 


kaon distrlbution (main neu.trino sources); with the experimftntal are& geometry and 

~ , ~, 

n i'or eat:1.mation of 11\"00 ;epectra ve ue an.empirical. formula, that gives a eatia­
o 

factory dflscription for all the present known experimental f'l'itt60ll opectra in tho p...-.oo­

tor. energy region of E ~ 70GeV in a 1f1de angle and momentum range. The !ormu.la 10 0.4 o 


the formf 


------------~.-...... . 
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0)L 	~ AE(i - ~)N exp (- ~ )[1- ex.p(_·E~.2. '_li-H2)1 cprX))
,,{tdfL EN,," D S T 


Q(K)::: (1-F)eXp (_BX2) +fexp(-GX2), 


X == E.. Sin e) A -= Ao / E:4» S:: 2 M (M + Eo) J 


E ~ ~ 00 (E - PVo cos e)] 


00 ;:; 'IS/2M 

'l'! 	 k::i.ru!lI:'.atic energy l1m1t tor meeOIUS. 

ll:a% 

Ii ,N ,D,:B.G,F - numerlval. constanta. 
c 

f,.. liid~ Band NeutriDo Snectrum. 

The rarots of C4lculating neutrino spectra, nol"'lllBlized for one interacti.ne; pro­

ton wi th E =200 GeV, lire presonted in Fig.1 • The length of the decay path L and the 
o , 


decs.;r cl'.annal di.8.meter d. were taken to be eqUl'll. to 45 III and 1.0 1\ cOlTOf.lpondingl,y" 


Tne muon shielding vas taken to be equal tQ 'b1000 .ill. 


Not kno·.ring th,e parameters oi.' the focusing system, 'Wa had to caloulate muon 

~,d electron-neutrino speotra for the perfect case of me80n focising (ourvo8 1.3) Rnd muon 

neutrino specti"lW in the absence of IUlY' fOCWling (CU1JV8 2). 

~ak1ng ~nto account the information on the parameters of now existing focusing 

ayateos and on the target eff'iciencyp the perfect tOCUBing 18 reasonably 8asumoo. to 

r·rovida intenBi ty approximatel.T three t:i.mee higher than neutrino intensi ty. ohtainable 

~ndar real conditions. 

B. 	l<!onochro'!lll3. tizad Neutrino Beam. 

The appliCRtion of B lII.onochromatized neutrino beaa is advantageoua in anaJ.yzing 

neutrino events as compared 'With the application of a continuous spectrum. 

There Are two neutrino "lines" from pion' and 1caon;decay. in the lII.Onochromatized 

bca.~; they differ in energy approximatel.Y two times. Therefore even a v0r:! rough 8eU­

~tion of the total enere;, ot an interaction 111 the bubble cbNn'ber with a "visibal." 

http:interacti.ne
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:';':l::";:;:: '!"elroso rill allQi( to 	llusign 80S event to one of the two availablepoaaibilities 

'. > '':;] tmltion l"C:'''.ll ta of ~e expected monoch:rol1l8. tized neu.trine in tensity a. t NAL acce­

:.::::ntor at tho proton bePJll energy 20Q GeV shawn in fig.1. The shapes of r.eutrlno "lines" 

.: ?::.:sented in fig. 1 ) obtained 1ri pion and mon decay are rolated to the followi.Ilg aa.sump­

1. Tho full lICld.th of the line ft"1lJ;.l K-}lV decay equala 12%. 

2. J1e~on 'oe~s parallel. 
, - ..... 

3. 	Seleotion c,r neutrino .vanta in the detector is l.iw1ted vi th a cylinder ld.th 

" 1'1'" 120..5 1Il radius. Then 2.2 10 neutrino!' fraan"j4"decay and ;.5 10 neutr1nOli 

i'rom K....f'l1 dacay Wey be expeoted. per 10
18 

protone internctine ld. th the target. The 

·..aya of Glonochromat....zing the me60p bea!ll defim~ the level of continuou3 

b-'\c1cgTound. Standard ~uadru.pole lenses may be applied along lfi th the specil'.lly eou­

IIL:ioutr'...no Inte:re.cti.onH, 

The m;mber of neutrino events in the bubble chambefl i8 estimated for the t1duci.a.l. 

'mlumlJ of 20 m? 
~ 

ano for th(l nautrino spectra, fig.1. 

'l'~Lg 1nto l'.ccount the remarks on the efficiency of the nOll-exiating focusing 

3yctCiO:a, t.."1e np.utr'...no intensity with the :perfect focusing was decreaocd unifo:rm.l,y 

:::; tUf:l8 in tha ent::...re spectra. 

A, Tcts.l i~u;llher of i!.Yente (B28on Produotion not Taken into Account) 

'The total cross-section of nf.'IUtrino interaction with nucleon MaS tlSswned to be 

~qual to 1.1J59Ec1il2 (X-neutrino eneTa in GeV) Fig.2 presents the energy spectrum 

of thQ events in hydrogen. 

~ttentior should bo psie ~ to the necea3it~ of a ratiler good determination of 

interacting neutrino energy in each individual case both for the determ.1na.tion of tho 

total crose-section energy dependenoe snd ror the investigation of the differentiat 

:::ltru.cti.U'8 or inelL'.eUc 1nteractian 

Rore the filling ot the bub..,.l. chamber wiih nelan i8 preferable. It is desirable 

http:l"C:'''.ll


to ca:rry out the experiment at two-three &nergy val.U8S ot the monochroru.etizod neutrl ­

no beam tha t will give a possiblli t,y to recei'Ve 4-6 uporimental p6:1.nts in the C:rQ~e-

section dependence upob the energy. 


The approximate nu::nber or interacUons in neon can be recieved it one make" 'Wie 

of the estill'.ations of the monoch.romatbed beam intensity: i.e. at ~O GeV it is about 

1000 event.s and at :&=foo - about 400 events ( per 1018
interact!ng protons at &.:200 ~V).

p 	 0 

B.. ii-Boson, 

The eJfpectod number of \i-boaon production events for ditfereslt V-boson IIIB.ISS8S 

- l'in the reactions V N- ~- W·N and YN-li'}4 W· + hadron.s is shown in fig.' .. This 

number will be at least one ·order ot magnitude higher in neon under other equal con­

ditions. 

It seems to us that the ident1tication of\f;DoSOD in .the bubble ebamber by obsln' ­

ving negs.tive muon and positron from W•....e+.Ye Qoay' :1s the most reliable was tor 

the bydrogen fill1n.g a8 well a8 for the Dean one. 

In the experilllent with 200 GeV protons the vector boson C8Jl be found i.:t ita 

=ass does not exceed 8-10 Gei (aee Table ,). 

g.gu!1sielafltic Ncutrino(Antineutrino) Scatte;r:tn,s. 

The cOIn!Jinf;ld experiment. ~.e. neutrino and antineutrino scattering by neutron 

- ..... ....and pro ton ::I.n hydroeen and deuterium Yn-to1-' p, YP ....1'" n is of great intareet. 

In the douteriUID bubble chamber antineutrino will be ident11'ied 111 til ,..., 30% 

probabili ty ( 1 t is the probeb1lity of neutron. 1nteract1(\n in the fiduoial volume 

of the chamber). 

The total nUDIber of 	qua.sielastio scattering eventa in deuterium comprises appro.xi­

18~tely 240 and iJO ( per 10 interacting protons) tor reactions )In""'" }CP 

and \ip - p.: n ,correspondiJld.y" Thus the duration of the experiment in the . 

antineu,trillo beam should be approximately one order of magnitude h1per than thew.· 

in the neutrino beam. 
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-::hIJ ~ 
.;. 

d1Btrlhu t;ion of elastio events 18 sho'Wn in f1g.1. 

Tabl!! 1 preoents the expectfJd nUl'lber of the events for production of N
It 

1236 in 

~~o~cn and d~utorium. 

... 
'lth~ ~::'O!'le-'1ection of th;)react1oDS Y N "'1-' 1'1 at the neutrino energy above 5 GeV aN 

e3tilM':rtl 'Hl 6 (N*",,1236)"A.10-39clI?; 6 (n·=16Ho)=2.5.10-39cm2;61,N~=152'1=2.1039cro2. 

::'0;: CQ'",ljXiT".l:.:lOn ~m appro rill,ate number of one pion events is intlic..'l t':)d in tht~ T(;bl~. 

r:;~ou.Z!! the n'J..."ltJl';'C' of the even7:S 1n neon ldll be M order of maeni tude hieht~r 80 co;;:r~red 

~1t.h hydrogrm Bod doutar1utn_ the latter are more preferabl!.t tlvmka to their higher relie.bilj ~ 

A cor.~:i-dorabl'" number of hyperon production events can be expectod in #il\tinautrino 

18
',('he 6Btirnnt:i.o':ls of the nwnber of the ~vent8 in deuterium per 10 inte'r","cting protons 

-
I~p'-to~+iOT~n~;:;?'-'tTA VN -'J"+- - ­
~ 

3 4 -'- .. ~-. 
7 14 15 

TLo i\llfUH.I1j.f, i)f the 1'11.1" A. Q qA S in neutrino processaR at high ensre;y t':}l.n 

&1:10 PO checked in the' neutrino bewn. The check acouracy rill be lindtad ,,1 th uncortldnty 

uf (.'Ur ~nQ'11erige of the nntineutrino contamination (1%) in the neutrino beam. The expected 

mlr"bar (.t~ hyptJ,ron production events in neon is also given in the Table. 

7•.e r€e~tiou 



O.P.f!-":.c-t;:;.op v}' e -1'1' YJ:t e II 

'l'!le prooess \)f muoxdo neutrino-electron scattering V,. e ...". \J~ e is possible 

n t.~ the ueual w~ foar-fermioa. interaction schemo duo to higher ordero at 'weal;:' inter­

dCtion harnil tonian.. Whon the weak: interacMOl') be:ln(- not cut off up to the 'lmitary l.im1t 
""' 

the crocs-oDction o'f this process can bave the same order of magnitudeas Yet e ....,. Ye e 

cX'03a-::!ectio[h 

The reaction """e",vj4eIlll1Y exist in the theory of weak neutral currents (12), as 

wall il.a in thf! l.1p~ scheme (',), 1£ there is a deviation from (V-A.) intoraction. 

The exiatance of this procesG io a natural consequence of the existence of the 

int~rmadiate sealEr B-boDon. 

T'41e number of thp ac.ntterlng events in the 14-feet bubbla che.lllber is "J'iVml in., 
. ,-::- -41 2

Table I 1'''lder as:JulUptIon, that th~ croSB-section of this reactl.on is 0 =1.6 10 Ii: QI • 

Rere 1 t should be noted that the bubble chamber fIlled 'With neon may come to 1 3 

tho most p~pspective detecting device for VI' e .... \1)4 e scattering d~tection. 

A'I:. t.'le mass of j-l'-lepton being nAt very laTge (J+ 4 GeV) the total nWllbor of the 
,_ I 

produced events in the reaction Vi' n ""']A P I where }i - is a heavy lepton vi th .Il.IUoniC 

quantum numbers practically equals the total number of the ell\otic events of V" n "",ii-p 

Dcattaring. 

'1'he product.Lon of heavy J,eptons with 8. lepton quantum number different from the 

lnlOnia ona is similar to the production 04 the muon pair in the Coulomb field. Therefore 

the ralationl 

1e valid. 

Toe exp~cted number of the events for both reactions is enlisted in Table I. 

A detailed analysis of the production pro~~s8 of heavy leptons ia given in papers 

/10, 11/. 

http:reactl.on
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'.I'll'" rouon niJutrino beam nlwa).J contains a certain percentae;<l of electron neutrinos 

!:;.'OH: 'ie.-d<';!C"-E!Y. Aa it 10 selll'1 from the Ta.ble, the total number of the electron neutrino 
;I 

;':1 t;n.l.c:t;ionlJ in neon beCOIJ11Ol1l :lufficient for quantitative comparison. 

J. TTnex P'!C t'3d n ~nOI:.cna, 

In tho high en..rrg;y ne'ltrino oxperilllente as in any other area, whore the investi­

c;'~C.lcn~ a:l:'G'l. t the v<;ry beginnine new phenomena and UD"!xpected processes may dsvl?'lo!". 

rn":'or.tuJHltelytth"!il'e are no way-a to make an:! reliable estimations oh their probability, 

nul, :L'"l ,~n::r case, if tbey do A.ppp.!.'\~rin tho experiments with the bubblg chamber, the result 

oIill oe r;:f' the gr"ea tASt in tarGet. 

ol1l"olepton pror\uction :18 one of such posflib1li tieB. CERN Neutrino experiment seemn 

to ~ve Goree hints on ita production. Or as an example it may be hypothetical unusually 

, j14/
:-:~!.·O~ neutrino-ncut'!:"ino interaotio • 

'tiP l'rould like to take part in the neutrino experiment at the rlAL accelerator llI8.inly 

~7 partici.pating in orocessing some piotures from the NAL bubble chamber on the r.nEP 

rol:lllring in mind the aatimationo of the expocted number of the events ( at 10 ;J intel'­

t\ci;in-s protons per pulse) ve assume, that 5.105• 10
6 

pictures in each exposure of the 

bubble r'llrunber in the neutrino beam. with hydrogen. deuteri1.W and neon filling, and about 

6
10 pictu:res in the JUltineutrino beam with deuterium filling of the chamber are needed to 

:;.)lv0 the problems diecu8!'1ed in the .proposal. It would be desinrable to have 105 picturee 

'~Hh noon in the mOllochromatized. neutrino beam at 2-' meason energies. 

The proton bt;a.m with E .200 Cev preferable ~ the first experiment with the bubble 
o 
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At the present moment the Institute for High Enere;y Fhysic8 is prepirlng a aystem 

for processinff the bubble chamber pioturea, in particular, it can analyse big european 

bubble ch•.'1.ll1ber pictures. As the iptice of the NAL chamber, is planned to be similar to 

the BEBe' optics t our system will be able to analJ"ze pictures from the :NAL bubble 

chamber too. In this semialltomatio devices will be apll1ed. and if it becomes useful the 

au tOlll1l tic device FSD and the one vi th CRT will also be used. Wa could handle some fraction 

of pictures from any of the above mentioned exposuree of the chamber. 

About 10 :Pb1'aicists may participate in the experiment. 



TABLE 1 

Eo = 200 Gev, L =450 m, T = 1000 m, Rd = 1,25. 14 - foot 
Bubble Chamber (H2 • D2. He). 

1. 

2. 

3 

4. 

5. 

6. 

- Number of ~ - events per 10
18 

interacting protons 

(0) ::Jb,,~d£' 
H2 D2 Ne 

J­ 0== -38 
cm 2 2,38.10­41 330 430 2800Number of events for 10 

All .v -events without W-boson pro-
3,:i.l0-4O

duction 4600 5800 39000 

Elastic ~ ­ events *) In -..P:P -41 260 17001,.43.10 -­
q2 > 1 1,9.10 

-42 
34 230-

q2 >­ 2 7,17.10-43 13 83-
2 -43 

q > 4 2,13.10 4 27-
q2 ) 6 9,7.)0-44 1,7 12-

.;).­ events 
r 

2,38.10­42
Elastic .Jp ­ y+rt. 33 43 280 

2 3,23.10-43 
q > 1 4,5 6 38 

2 
1,2.10­43 

q >2 1,7 2,2 14 

q2 ">' 
-44 .' 

4 3,6.10 0,5 . 0,67 4,3 

q2 ,. -44 . 6 1,57.10 0,22 0,28 1,9 

One':'pion events 1,2.10 
-41 

~+n .~ JU-.. p + !It' 0 
36 240-

~+n. -to }C t n. +Jr t 
18 120-

~ ... p -to y.-+ r .. fL+ 
120 160 1100 

- 2,38.10- 42Hyperons production (~ - beam) 33 43 280 



· TABLE I 


(Con tinued) 

Number of ~ ­ events per 10H 

K6>1~~d~v 
interacting protons 

""-~ 

\I ;·2 D2 Ne 

7·1 
+) 

~Jl' P - V.f-}t tfo- P 4,0.10-45 0,044 0,060 0,370 
I 

**>V)Ah. 
/ 

6**) ~ 6*)8, -- }l- P ~ 260 ~ 1700-
-to .. ) ~ p -+ y-J)..Aip ~ 6++).f (j +-J ~O.0449. 'jA ~ 0,060 ~ 0,370 

10 ~ye ---:;.. ~Fe 8,3.10-43 8,5 10,6 72 

\Je,e. ~e.e 
-45 

11 ---+­ 8,3.10 0,085 0,106 0,72 \ 

1:? Production of W ­ bosons 
JtJ-WM-+ hadrons 

...I 

! 
7,0.10- 40 

I M := 2 Gey 7700 10000 65000 
I 

4 Gev 6,0.10- 41 660 860 5600 

6 Gey 1,0.10-41 
110 140 910 

8 Gev 1,2.10-42 13 17 110 

I Production of W ­ bosons , 

~ (1/ -+ Wp AI -40 
lot = 2 Gev 5,0.10 5500 7100 46000 

I 

4 Gav 2,17.10-41 
240 310 2000 

'. 

6 Gay 1,1.10
-42 

12 16 107 

8 Gev 1,3.10­43 
1,4 1,8 12 

j 
I ., 

: 

,.,...­ .. 
" 

-. 
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