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INTRODUCTION 

Preliminary results are prcscntcd on searches for new particles 

produced in the interaction of antineutrinos with nuclcons in the 

15-ft bubble chamber. Indirect tests for new particle production are 

made by investigating the x and y distributions of all charged current 

events and by investigating the general properties of events with 

neutral strange particles. Direct tests of new particle production 

are made by searching for dilepton events and by looking for peaks in 

the invariant mass distributions of events involving neutral strange 

particles. 

EXPERIMENTAL CONFIGURATION 

This experiment utilized the 15-ft bubble chamber filled with a 

21% atomic neon-hydrogen mixture (Xo = 110 cm) exposed to the horn 

focused antineutrino beam. The incident proton energy was 300 GeV 

and the average intensity was 8.5 x 1012 protons per pulse. The proton 

spill time was 20 pseconds which optimally matched the good focusing 

time of the horn system. The horn system focused negative particles 

(nY -*u-v) and defocused positive particles (7: + p+U). To suppress 

even more the neutrino background in the antineutrino beam an 

"absorptive plug" was placed downstream of the first horn to remove 

the wrong sign mesons which passed through the hold in the horn. 

Figure 1 shows the relative importance of the "absorptive plug" in 

reducing the neutrino background. In this experiment the neutrino 

contamination was less than 4% of the total flux.. 

The external muon identifier (EMI) was used in this experiment. 

The MI consists of approximately 600 gms ems -2 of zinc absorber and 

magnet coils inside the vacuum vessel of the bubble chamber followed 

by 23 m2 of multiwire proportional chambers.' Muon candidates seen in 

the bubble chamber are extrapolated to the EMI in an attempt to match 

, , L . . ~. 9 
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Fig. 1: Relative ncutrino background flux with 
and without USC of 4 mr absorptive plug 

compared with the antineutrino flux. 
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Fig. 2: Correction for missing hadronic energy. 



Because of the qcoqraphical scale of this collaboration and our 

desire for a speedy result the bubble chamber film distribution 

received special attention. the entire quantity of film was copied 

usinq the direct rovcrsal technique.' There are no idcntificd 

differences in measurements from the original 01 copied film. Each 

nation received 501 original film and 50% copied film but was 

responsible for scanning and measurinq only the original film. The 

copied film was used for cross checking. 

DATA ANALYSIS 

Event scan selection: The film was scanned for all neutral 

induced events with a total momentum. Ccharqed plus neutral), ~Px, 

along the ne&inc beam direction greater than - 1 GeV. Events con- 

sisting of a single charged track only were not included in the scan. 

Therefore the elastic events 7 + P + P+ + n were not detected but those 

with observed V" were recorded. about 3000 neutral candidates wrrc 

found in the scan. Each of the four groups was responsible for 

scanning and measuring 25% of the total data. The Hydra Geometry 

program' was used for geometrical reconstruction. 

Muon Selection: The EMI is used to identify the nwon tracks. 

After the event is measured in the bubble chamber all tracks which 

could be mans are extrapolated to the EHI. From the extrapolated 

position in the EHI, the multiple scattering circle (the tracks 

penetrate about - 600 q/a2 of absorber between the fiducial volume 

and the EM) and the position of the nearest actual recorded hit in 

the EMI, the confidence levels C,, of the track being a hadron and C,, 

of the track being a muon are calculated. The track is taken as an 

identified muon if it has CH < 102 and Cu > 4%. 

hntineutrino Energy Determination: In the charged cUrrent events 

the antineutrino energy is the sum of tbhe momenta in the neutrino 

direction of the muon, charged hadrons and neutral hadrons. For 
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antineutrino interactions on the average only - 252 of the total cnerqy 

goes into hadrons CC y > 2 b.25) and only .&out one-third of that into 

neutral hndrons. In this experiment a large fraction of the neutral 

enerqy is undetected. The following is a procedure to corrmt the 

entineutrino energy for the energy missing in neutrals. 

Assume that on the averac~e the neutral hadrons in the hadron 

shover arc symmetrically distributed around the mean charged hadron 

direction. Then for a sample of events, with a certain average 

fraction of the hadronic shower momentum undetected, on the average 

the same fraction of longitudinal momentum, PF, and transverse 

momentum, Pt. will be undetected. Due to Fermi motion and undetected 

nuclear fragments we do not expect tran*verse momentum balance in 

individual events. However for a sample of events if there wcrc no 

missing neutrals the mean transverse momentum of the muon C P$ > and 

hadrons < Py > should balance in the antineutrino-muon plane. Therc- 

fore the moan transverse inbalancc in the antineutrino-muon plane is 

used to correct for the missing hadronic longitudinal momentum. 

WC calculate the corrected nntineutrino energy as follows. The 

uncorrected energy transfer between the lcptons and hadrons v,, from 

the visib,le energy deposited in the detector is given by 

V” = c P”, 

where PE and Pz are the longitudinal momentum of the muon and hadrons. 

For fixed intervals of Vu calculate f = < P ; >,< 1,; > in the 

antineutrino-muon plane end < Vu >. The mean 'corrected cnerqy trans- 

fer vc for each interval is given by 

<v*> = <v,> 
f 

The mean corrected cnerqy transfer for intervals of the mean uncorrected 

energy transfer is given in fiqurc 2. The distribution is well fitted 

by the correction formula Yc = 1.2 IV,, + 1.0). All events are 

corrected for missinq hadronic energy using the correction formula. 
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we see the correction involves R 20% hcalitiiq plus an additive 1.2 GcV 

which could account for unseen nuclear recoil rwd spallation nucloons. 

The antineutrino encrqy is then the sum of the muon onerqy and the 

corrected hodronic energy. 

INDIRECT TESTS OF NEW PARTICLE PRODUCTION 

A. x and y Distributj,ons 

Consider the antineutrino-nucleon interaction described by the 

a"tineutrino.and ruon with energies E and E,, and a virtual bason 

propagator carrying the c"erqy V = E - E,, and faux momentum Q2 = 

4EEp sin2 E!E 
2 . 

The scaling variables are defined as x = Q2/2mv and 

y = V/E. In the scaling rcqio" the cross section for ""eutrino" - 

nucleon scatterins is of the form 
v,T 

EL- 
dxdy 

where FI. P2 and Fj are the hadronic structure functions. Assuming 

charge symmetry invariance and the Callon-Gross rclotion F2(xl = 

2 x Fl(Xl the cross section can be vrittcn: 

d2 G2ME -_- 
dxdy 7, + q(x) (1 - Y12 

I 
(11 

v 
do 
dxdy 

+ xF3(x) ] - '[ end q(x) = T F2(x) - K=~(x). 1 Within the 

quark-psrton lnodel q(x) and c(x) are intcrprctcd as the probabilities 

of the quark and antiquark bring involved in the interaction and 

carrying the m~nent~m fraction x. The relative momentum fraction of 

the nucleon carried by the antiquarks is expressed in the jargon of 
this subject by 

B(x) = 
XF3 (xl 
--..--=l- 2 ii(x) 

F2 (X) 9(X1 + q(x) 

Re-expressing equations 1 and 2 in terms of B end integrating 

over x gives 
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AS seen from equations I. and 2 if the antiquark contribution to the 

interaction is negligible then tbc ncutrino y-distribution will be 

constant and tb.e antineutrino y-distribution will be (1 - ~1'. A 

sensitive determination of B canes from the antincutrino y-distribution 

in the high-y region which is dominated by the antiquark contribution. 

we also expect the relative antiquark contribution to affect primarily 

the low x region (x < 0.2) because of the rapidly decreasing ratio of 

Y.Fj(X)/F~(X) for SMll LS 

x,et us now look at the experimental data for the y-distributions. 

The following data cuts were applied to the 3000 candidates described 

in the data analysis section to produce en unbiased antineutrino data 

set with well dctcrmined parametcra: 

1. Identify !A+: onepositive track must be identified by tbc 

EMI as a muon, i.e., C,, < 0.10 and 5 > 0.04. 

2. Cut neutral background Cn, K”, etc.): Previous studies' show 

that mst of the neutron, i?, and other neutral background has an 

energy of less than 10 Ge”. Therefore we require Cc > 10 GeV. 

3. Well measured events: Require the event be greater than 

65 cm from the davnstrex" wall. of the chamber to allow adequate 

neas”rcment length for the tracks. 

4. Good EHI Efficiency: For gwd PA1 acceptance and to reduce 

hadron background WC require that the muon cadidate have a momentum 

greater than 4 Ge”. 

5. Good resolution of Yc: Events with Vu < 1 GcV are cut fran 

the sample (1) because of the large fractional correction far missing 

hadron energy' and (2) because the small V region is biased froln the 

cc*nning lose of elastic events. 
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Applying tbcse data cuts to the antincutrino candidiltcs produced 

493 charged current nntineutrino cvcnts between 10 CcV and 200 GcV. 

The y-distribution for these cvcnts has been corrcctcd for the EMI 

geometrical efficiency which was calculated using Monte-Carlo cvcnts. 

The EMI geometrical efficiency as a function of x and y is given in 

TablC I. 

EMI Geometrical ncceptancc Variation with x and y 
for Wedn Mtineutrino Energy of 20 GeV 

0.0 - 0.2 

0.2 - 0.4 

0.4 - 0.6 

0.8 - 1.0 

0.2 - 0.4 0.4 - 0.6 0.6 - 0.8 

1.00 0.95 0.94 

0.99 0.93 0.88 

0.94 0.93 0.81 

0.96 0.79 0.75 

0.36 0.25 0.21 I -- 

0.8 - 1.0 

0.96 

0.96 

0.80 

0.73 

0.1.9 

The y-distribution for all events between 10 GeV and 200 GcV with 

0.0 < x < 1.0 is inconsistent with a puce (1 - y)' distribution. A 

maximum likelihood fit gives B = 0.79 + 0.06. The y-distribution for 

0.0 C x < 1.0 and the different entincutrino cncrgy intervals IO-30 GcV 

and 5e-200 GeV arc qivcn on Figures 3a, 3b and 3c respectively and arc 

compared with the thaorctical y-distribution with B = 0.8. No 

apparent variation with energy is observed. The meam antineutrino 

energy in the 50-200 GcV distribution is C7bOut 62 GeV. Note that the 

fitted range of the y-distribution as sham by the data points on 

Figure 3 vary with antineutrim energy consistent with the Vu > 1 CEY 

and Pv > 4 'SC" data C"ts. The maximum likclilmod fit to the y- 

distributions in the three enorgy intervals was made and the D values 

are given as a function of cncrgy on Figtirc 4. From these data alone 

there is no evidence of an energy dependence of B. The data arc 
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Fig. 3: Aniineot rino 
y-distributions for 
events with 0 c x 
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ncutrino energy 
intervals: 

(a) 10 < E < 30 Gl!V 
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from Eq. 4 nor- 
malized to the data 
and with H = 0. 8. 
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con*istcmt with B = 0.79 + 0.06 independent of energy which yivcs 
- 

a relative antiquark contribution to the interaction A= 

0.10 + 0.03. 

Let us compare tho world data on B values for antincutrino 

interactions as a function of energy. Table II summarizes the present 

situation. The graphical presentation of these data is given in 

Fiyure 5. A least squares fit gives' 

B = (0.88 + 0.05) - (3.2 2 1.4) E x 10-3. 

D Values from Antineutrino Experiments 

Experiment 

This cxpriment 

Gargamelle (CGM19 

Caltecb-Fornilab (CF)" 

Hnrvard-Penn-Visconsin- 
Fermilalr (FPWF) " 

- 
Approximate 
Mean Energy 

(GeV) 

20 

40 

62 

1.s 

SO 

150 

25 

78 

Fitted L1 Value 

B=l-AL 
s+B 

0.76 + 0.08 
- 0.10 

0.90 + 0.00 
- 0.10 

0.73 + O-l2 
- 0.18 

0.80 + 0.06 

0.64 + o.22 
- 0.26 

0.36 + 0.3” 
- 0.36 

0.95 2 0.10 

0.45 + 0.15 
- 0.10 

Consider now the x dependence of R as determined from the y- 

distribution. For eitch of the three energy intervals of Fiquro 3 a 

maximum likelihood fit to B was made to the y-distributions for the x 

intervals 0.0-0.1, 0.1-0.2, 0.2-0.4 and 0.471.0. The fitted B v;\lues 

are given in Figure 6. Assuming that B is not a function of anti- 

ncutrino energy, the data of Figure 6 are folded together to give the 

x dependence of Figure 7. Also given in Figure 7 is the x dependence 
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Fig. 7: Fitted R values as a function of x for antineutrino events 
for all energies, 10 < E < 200 GeV. 



of B aS predicted by ~c~lhancy and TU.WI" which also fits well the 

Gargamelle data'. ~vcn at high encrqies the antiquark contribution 

to the interaction is dominant at small x, (x < 0.151. 

The x = Q*/mv distribution (quark mOmenturn distribution) will be 

examined for three antineutrino enorgy intervals; lo-30 GeV, 30-50 

GeV and 50-200 Go". The x-distributions are corrected for EMI 

geometrical acceptance. For each energy interval only the events in 

the y-range unaffected by the Pu and Vu cuts are used. For example 

in the 10 < E < 30 GeY (50 < E < 200 GeV) range Ymi* = Vc mi”/lo tev = 

2.4/10 = 0.3 (0.1) and ymax = E - l,, / Pi" E = lo-4/10 = 0.6 (0.9). The 

x-distribztions for the three cnern intervals are given in Figure 8. 

The data are compared with Fz" (SL&C~' normalized for x>O.2 where 

the antiquark contribution in the entineutrino data is negligible. 

In all three x-distributions, the data show an excess of events 

compared to F;d for x < 0.2 and good agreement for x > 0.2. Is this 

low x behavior on anamoly? Probably not! 

Expressing the differential cross section for antineutrino- 

nucleons and electron-nuclcons in terms of the veights of up quarks 

(u),dovn quarks (d), and strange quarks (5) gives 

dOTN 
r=u+d+3(<+a, cos"O,+6: sin20, 

dUeN dx = u + d + (ii + ri, + f (5 + F)i. 

Assuming a11 the sea components have equal weight and neglecting the 

Cabbibo angle gives: 

m 
a0 dx =u+d+3(;+& 

dacN r="+d+f(;+;) 

Therefore in the rcqion where the antiquark contribution is negligible 

(x > 0.2) we expect aqrcement between the antineutrino x-distribution 

and the electron x-diotribution. AS the antiquark contribution 
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becomes important (x < 0.2) we expect the antineuerino x-distribution 

to lie above Fid (x) . ‘The B vnl~es dcccrmined from the antineutrino 

CXC~-SR at low x arc in agreement (within errors) with the B values 

determined from the y-distribution. 

3. Properties of Events with Keutral Strnnp,e Pnrticlcs 

This ia a very preliminary nnnlyuls OK cvcnte 4th ncutrnl 

otrange particles produced by antineutrinn interactions. Most of the 

events are produced from a nuclear target (Ne). No correction is at 

present made for nuclear absorption. etc. 

All events with two-pronp *‘associated” secondary stars were 

considered as events with V” (no, K;) candidates. All V” candidates 

were processed through Hydra geometry and through Hydra kinematics 

for three-constraint kinematic fits to the K” or A0 mass hypothesis. 

Eighty-five events were found inside the 21 m3 fiducial volume of the 

chamber vhich fit either Ka or A. Rcquirin~ that the antlneutrino 

energy be greater than 10 GcV and that thrre be an EMI identified 

muon in the event produced a cherced current sanPle of 588 went:* 

of uhirb 41 contain a K” and/or R A. The energy dlotrlbucion of the 

V” events is given on Figure 9. The dashed line gives the shape of 

the energy distribution of the antineutrino charged current events in 

this experiment. There is no seronp, energy threshold above 10 GeV 

for n new strange particle production channel. 

What is the relative rate of neutral strange particles produced 

in antineutrino-nucleon interactions? The observed distribution of 

V” events is f+zx~ in Table III. The events with a ho or K” are con- 

sidercd observed if they have kjnematic fj.rs to Aa + pn- o,- K” - n+rr-. 

For example there were five events with an identified K” and an iden- 

titicd A’, i.e. t”O P-s. The corrcct5~ans for neutral decay modes and 

for pnrticles decaying oursidc the chamber are given in Table IV. The 

distribution of the corrected number of V” events is given in Table III. 
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Fig. 9: Energy distribution 
of v” events. 
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The “bservcd and Corrccrrd Distribution of 
Neutral strenF.c Pnrticla Events 

Class 

A” 

K” 

K” + ho 

K” + K” 

TOTAL 

Number of l?vvenes Number of Events 

Observed Corrected 

7.1 17 t9. 

14 22 + 17 

5 22 f 10 

1 9t9 

41 t 6.4 70 t 13 

TADLE IV 

Probnbllicy of Obcervinp, Strnnjic Parriclc Decay Mode 
A Coming from Source B 

A0 
K” 

K” + A0 

K” + K” 

213 

0 

0 

0 

7 

K0 ho + K” K” + 1:’ 

0 419 0 

-1 
l/3 l/Y 419 

0 2/9 0 

0 0 l/9 

Applyinp. additional corrections of 10X ior the loss of V” which decay 

too close to the *vent vertex to bc resolved nnd 10% for V” events 

lost from processing inefficiency civea the total corrected number of 

85 * 16 events contni,,ing one or more VD’s in the char@ cm-rc,,t 

SC-mPle Of 588 ‘ZYC”tS. TkrCfOrC ( 14.5 t 3)% of the charged current 

l ntineucrino-nucleon rvcnts above 10 CcV contain one or more neutral 

otrange particles. In il previous cxpcrimcn26 It was found that 

(16 f 3)% of the charged current ncutri,no-proton events above 10 GeV 

contain one or nwrc neutral strange pnrtfclcs. 



The momentuc~ transfer. Q*, discribucion and invarjant mass. I.‘, 

distribution arc (:ivcn in figure 10 and compared with the total 

charged current distributions. There is a tendency for the stranee 

particle events to bc produced at slightly higher W than the charted 

current e"ents. This tendency was not statistically significant in 

the neutrino-proton V” intcmctionsf6 The Vo enhancement with in- 

creasing W can be better seen in Figure 11. It is clear that strange 

particle production does increase with increasing W and to first order 

the increase is independent of the particle which cxcitcs the nucleon 

be if a neutrino, ancineurrino. photon or electron. The x and y dis- 

tributions for the ncotral stZ-ange particle events are @V‘S in 

Figure 12 and arc compared with the shape of the total antineutrino 

charged torrent event sample. The shaded part of the distribution 

represents the V" events u*th I\' > 5 GeV. The Coral V” sample has an 

x and y disrrihution consistcnc wlrh rbe charged current cverzcs. Ilow- 

ever, the V” events with C: > 5 GeV arc conccn:roted JC higher than 

average y values. 

DIRECT TESTS OF Nl34 I’IIENOMENA 

A. Search for U-c Events 

Recently evidence has been reportcb"" for neurrino induced 

events vich both a positron and a negative muon in the final state. 

At high energy these events are reported LO occur at a level of -1%: of 

all neutrino interactions. There is evfdencc that the rate of strange 

particle production in these events is anomalously hfph. Herein we 

report on a search for similar evcncs produced in the entineutrino 

experiment. 

The antlneutrino events were selected as described in the Data 

Analysis section. After the events were measured, all events with 

C PK > 7.5 CeV/c were examined by physicists searching for evidence 
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Y- 
Fig. 12: x and y distributions for all V” events. The solid 

curve shows the shape of the total charged current 
x and y distributions. The shaded arca shows V” 
events with \V > 5 GcV. 
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of electrons “r positrons at the primary vcrtcx. Each track was exam- 

ined corefully under hich magnification (X70) over its entire l,cngrh. 

Any track vhlch spirnllcd smoothly to o pojnc in the liquid or which 

had any visual indic.?tion of catastrophic energy loss .- bremstmhlung 

(sudden curveture ch:lny,es and/or converccd pairs), tridents, large 

d-rays, or annihilation (in the cese of positrons) - was considered a” 

electron or positro” candidate. Each electron or positron c”ndid”te 

was measured and fitted over its entire length to find evidence of 

radiative energy loss. Electron or positron candidates which showed 

definite evidence of cnerey loss inconslstcnt with nny other mass 

8ssignment were considorcd as identified. 

In order t” measur” the detection efficiewy for cleccrons pfo- 

duced with the eaile spatial di~stribution as the events in the bubble 

chamber, physicists examined bcrb tracks of each clcctron-positron 

pair produced withi~n 20 cn:s of the pr;,,ry vertex of “n “vent. Each 

track was examined t” see whether it would have been clossifird ns an 

electron or positron candidate using. the same crieuria as wer” used 

for tracks from the primary vertex. Fi&“re 13 shows the rzeasurrd 

electron detection efficiency as a iuncrion of the clccrron cnerc:y Ee. 

This efficiency dccrc~ses with incrcnsin~ E” to an approximately con- 

stant V~C 0f 0.70 i o.oa for re > ~00 w. 

As the clcccron energy dccrenses the number of expected bnck- 

ground events becomes 1nrp.e as discussed belov. Therefore event:; with 

electrons or positrons at the interaction vertex with Ee < 200 McV are 

not considered further. After removing electron-posit?“” pairs 12 

events have an elcctrou or positron apparently orifiinarin~ at the 

interaction vertex. These events are listed in T”ble V. The encrcies 

Ee are determined from c~~r‘vncurc me”s”rcments corractcd ~L!re nppro- 

priote fdr detected bremstrohlung. 
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TABLE V 

List of Events with Siwlc Electrons or Positrons 
vith EC> 200 XeV 

-- 

Event 
Number 

ZP 
x Ee EM1 Mrlon - - 

1 26 GeVlc 1.4 f 0.1 GCV e+ None 

2 0 GcVlc 2.0 * 0.1 GeV e+ None* 

3 21 CeVJc 12 * 2 GeV cc None 

4 33 GeV/c 32 % 7 CeV e+ None* 

5 54 CCVIC 35 2 5 GeV e+ a.7 Cd )I+ 

6 56 GeVlc 56 i 13 GrV e+ None* 

7 60 GeVlc 67 f 10 GeV c+ None* 

a 32 GeVlc 1.2 ? 0.01 GcV c- 17.3 GcV v+ 

9 10 GeVlc 6.3 t 0.4 Cc" e- None 

10 42 GeVlc 31 2 8 GeV e- None 

11 55 GeVlc 37 t 1.2 CcV e- None 

12 153 GCVIC 130 I 40 CcV e- Now* 

l 
All secondaries identJCied as hadrons in the buhblc chamber. 

None 

None 

None 

None 

None 

None 

None 

None 

None 

NO”C 

4 GcVlc K; 

None 
.--_ 

V0 

Five events have all tracks other than the electron or positron 

ldrntified as hadrons in the bobble chamber. Only cvcnts 5 and 8 hove 

II muon identified by the MI and .YTC consj~dercd as Ile candidates. 

Event 11 has R 4 GeVlc I;:: no other event shows any cvidcncc for a 

*trnnGo particle. 

In order to wseee the siGnIficnnce of the two ire cendlldates 

consider the following, backgrounds: 

1. Electron neutrinos and antineutrinos are expcctcd to be 

prosent in the beam at about the 1Z level. Events 3 through 7 and 9 

rhrouzh 12 in Table V hare leading clecrrons or positrons and xc very 

likely to be Ye or cc induced cvcntc. A Vc or cc event can simulnrc: a 

pe event when e hndron is misidentified oe a rauon by the XX. The 
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probability that a hadron is m$sidcntified as a muon by the IX1 is 

estimated to be -3%. With the ossomptj~on that all the events jn 

Table V ore Ve or Ge induced, this background is estimated to be -0.03 

U+e+ and -0.15 l.l+e- events. The importance of suppressing the Ve back- 

ground is clonrly evident. 

2. The film quality is such that a close in Compton electron 

vertex (within about 2 cm of the interaction vcrtcx) may not be rc- 

solved. This background has been estimated from the measured pamma 

spectrum. Figure 14 shows the expected number of charged current 

events with close in Compton electrons with EC > Emin. 

3. Events with asymmetric Se- conversion within 2 cm of the 

primary vertex or asymmetric Dalitz pairs havine an undetected elec- 

tron or positron, apparentl~y hnvc a sinp,le positron or electron at the 

interaction vertex. With the assumption that clcctrons 01: positrons 

with EC < 5 EleV are always undcLfctcd the expected nunbcr of such 

events has been cstimntcd from the observed spectrum of Dalitz pairs 

and close in pairs and is shown in Figure 14. As EC dccrcnses bclov 

200 MeV the bockcround from both oourres 2) and 3) increa:zer. rapidly. 

4. Small anp.lr Kc3 decoys ere estimated from the observed 

number of Kz decays and decay kinematics to contrihuce 0.02 c- nod 

0.04 e+ background events. 

Event 5 is the only P+e+ candidate. In addition to the II 
+ and 

the e+ in this event there arc two nep,arive hadrons. Interprctcd as a 

V,, charp,ed current event the estimated antineutrino enerp,y Ej is 64 

GeV. nnd the estimates for the scaling varlablcs xc x - 0.001 and 

y = 0.86. llowever the prcsencc of a high energy leading e+ suggests 

that this event may be a cc event with a positive hadron misidentified 

as a muon even though the expected number of such events is only -0.03. 

Event 8 1s the only Il+e- camlidate. Events of the type lJ+e- 

are of the particular interest because the lepton configurorion is 
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charge conjugate to the configuration P - a observed in neucrino intcr- 

actions as reported 5" Refcrcnccs 16 and 17. + 
In addition to the U and 

e- there are 4 positive hadrons and 2 ncjiative hadrons in this event. 

Interpreted as a $ event the estlmatos for the antineucrino energy 

and the scaling variables are Give" by EC = 36 GcV, x = 0.066 nnd 

y - 0.51. The combined hackground from all sources l-4 considered 

above for Ee > 1.2 GeV is 0.2 ? 0.2 events. In fact for this parricu- 

lar event there is a small track of unk"awn sign at the interaction 

vertex which could be a positron with energy -2 HcV which would lndi- 

tote that the electron is part of a very asymrcetric Dalitz pair. See 

Figure 15. The electron track overlaps 4 other tracks at the interac- 

tion vertex and if cannot be excluded that it is due to a Conpton 

electron. The event is "ot considered compelling evidence for c 
u 

induced P+e- events. 

Table VI shows the upper limit at 902 confidence for the yields 

of v+c- and u+e+ CYCI,LS rc1ative to ally ancinc,atr,no char@ current 

ThnLE VI 

Upper Limits for A"tincutri"o Induced Ile Events as il 
Function of Energy (90% Confidence Level) 

Z-10 GeV 

Z-20 GeV 

>30 GeV 

>40 GcV 

1120 0.5% 

630 0.9% 

330 1.7% 

160 2.1% 

++ +I 
l(P e )/O(U X) o(Lkv”~laol+)o 

0.5% 0.3% 

0.9% 0.5% 

1.7% 1.0% 

3.6% 2.1% 

events based on a sinr,lr cnndidnrc in each case. Note that our mnxi- 

mum data sample has bcrn used in this analysis. The upper limit on 

the relative yield of !Je events with associated neutral strange parti- 

cles detected via charged decay modes (v") is also give" bosei on zero 



Fig. 15: High magnification view of the vertex of the ~+e- 
candidate. The radius of curvature of the curling 
lepton track at the vertex is about 2 MeV/c. 
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candidates. Tho number of charged current events has bee" corrected 

for missing sinelc track CVP"CR." No correction has been "pplicd for 

MI acceptance; the or.sumption is made thnt the EXI ncceptnnce for UC 

went* is the same as for all other charged current antineurrino events. 

The "pper limits have been corrcctcd for the electron detection effi- 

ciency n = 0.70. The upper limits ere applicable for electrons with 

energies Ee > 200 NeV and for muons-vith energy above 4 GeV. 

B. Search for U-11 Events 

We vi11 present very preliminary results on the direct dimuon 

production by antineutrinos interacting in hydrogen-neon. The search 

naturally divides itself into two studies. The first study is for the 

sample of dimuons where one muon is fast (P,, > 4 GeV/c) and therefore 

identified by the MI and the other muon is slow and decays a"d is 

identified in the bubble chamber (fast-stopping dimuons). The second 

study is for the sample where both muons are fast a"d are identified 

by the RI1 (fast-fast dimuons). 

Fast-Stopping Dirmons: The 1157 events with z Px > 7.5 CrV studied 

in the Lie search are further studied here. In several independent 

physicist scans all events were searched for continuous tracks which 

terminated in en identifird electron es described in the previous cec- 

Mon. These events contained direct electrons from the primary vcrccx. 

W-P-e decays and U-e decays. The direct electron candidates were used 

in the U-e dilepton analysis. 

Here we consider the events with n-11-e and !-L-e tracks which are 

trapped in the bubble chamber. The bubble chamber is basically a 

sphere of 1.8m radios with a magnetic field of 30 Kg. In principle 

a 1.5 GeVfc track can be trnpped vithi" the chamber and decay. In 

practice however the m"o" trnppirc efficiency drops to 10% for anti- 

aeutrino evente for muons of 600 HeVlc (nron range of 740 cm). 
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Thhcrdorc In this study WC restrict tbc slow muon to have e momentum 

of less than 600 McV/c. 

There were severs1 wcnts with wry slow stopping positive tracks. 

In every case, these were ambiguously identified as stoppins U+ from 

observation of the unmistakable If+-P+-c+ chain. We measured acd fit 

these tracks In order to gain some appreciation of the power of our 

Geometry program in separating slow T’ from slow P 
+ 

orbits. It was 

found that’fcr stopping tracks shorter than about 15 cm, there is 

Inadequate difference between the quality of the fits for the P mass 

and the n mass assumptions to allow convincin& separation. In the 

fast-stopping dinuon study we therefore exclude all u candidaecs with 

P,, < 0.1 GeVfc (corresponding to a V with residual range of 22 cm). 

However in the present data snaplc: thcrr were no nuon candidate in 

this momentum region. 

The wants were? scanned at almost life-size. In the 23X atomic 

Neon-Hydrwcn ml,x the rnn[:c of the V from .7 7 decay at rest is - 3 cm 

on the scanning ,tnblc. Hccnuse of foreshcrtccin; due to dip and 

possible )I nli(:nnent with the incident direcciw cf Lhe decayin pion 

if is frequently difficult to nepsrate the n-!J-e decay chain from the 

Pe decay at rest. Since it is difficult to visually detect angle 

changes less than 5’ on a slow trac:li, it is impossible to scpamte 

*+ decays in flight with a trapped II subsequently decayinS at rest 

from v-e decays. For these rcaaons tlw nature of the track ending in 

an elcctran was in most cases not determined at tht! scanning stage. 

We measured cve;y candidate trnck that did not have an unanbigoaus 

X-II-e or on obvious kink froln the production point down to the electron 

vertex with many points per view. The tracks wore then fit startinf, 

at the production vertex i.n jncrrncin~ arc length, looking for deviation 

in onglr and mcmentum of the downstream orbit from the prculictian of 

the fit to the upstream orbit larger than that prcdictnhle from multiple 
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ncattcring. This process lnreely rliminatcs n-11 decays in flight. In 

the remaining wonts, the transition point between the parent track nnd 

the electron track was discernable. Using. tbc range-momentum relacjon 

for pions and muons allowed tha separation of the remaining sample’into 

probable stopping pions with invisible daughter muons and probable 

StoppinS muons. Three probable stopping muon events were found. 

Tbo properties of the three stopping muon events are given in 

Table VII. Events 2 and 3 are interpreted as antineutrino charged 

currcnf high-y events with y values of 0.990 and 0.985. Observing two 

high-y events is consistent with B = 0.8. 
++ 

Went 1 is an apparcnr U V 

event. Observing one such event is consistent with the estimated 

TABLE VII 

Propertlcs of Antjneucrino-S,,cleon Events 
with Identified Stopping, Eiuans 

Scoppini: Fast MI 
Evcnc No. 1 Px nuon Huon 

Homc-rsn Momeneun -- 

1 11.4 Cc4 170 W?Jlc II+ 6 GeVlc u+ 

2 17.8 GCV 174 nev/c p+ None 

3 8.2 cd 126 nevfc II+ Ilone 

background fron early and small angle T-V decay in f 1iBhc. No V*V- 

events were found with one fast muon (P,, > 4 GeVlc) and one or more 

slow muons (P,, < 0.G GeVlc). For antineutrino encreies greater than 

10 GeV a 90X confidence level upper limit on the production rate of 

ut- events within the above momentum ranges is about 3X of a11 charged 

current went*. This limit has been corrcctcd for the soonetricnl 

trapping efficiency for the slow stopping: muon and for the U- capture 

probability. The !J+lJ- bnckfiround is estimated to be obnut 0.3 events 

with the above cute. 
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Past-Fast “jn~,onn: WC r<!port hcrr preliminary rrsults on B starch 

for events with two or more tracks idrntificd .as nwns by ehc FM. 

The data sot used hero is npproximatcly the srrme as used in the lJ-e 

search. The previo,tsLy described MI muon selection procedure 

(Cl, < 10%. C,, > 4% nnd ‘\I > 4 CeV) was applied to each Leaving track 

of the event whjch did not interact in the chamber. An acceptable 

multiple muon candidacc satlsffcd the following conditions: the muon 

candidates did not have the same hit in the MI, the time coincidence 

of “muo,, hits” in the LX, was within 111 nsec. each muon candidate 

had a momentum greater than 4 CeVlc and the total nntincutrino energy 

“as greater than 10 CeV. Wi,ch these condirions rhc total efficiency 

for detecting the leadin muon is -752. The rota1 efficiency for 

detecting the non-leading munn is -70%. Eleven dimuon candidates were 

found which satisfied the stove conditions: l(H), 5(+-j, 5 (-+) and 

0(--) where the signs refer to the charx.r of tile lcadinf, and non- 

IeadinL muon candidarcs. 

The dominant background in thin procedure to select dimuon 

events is the normal chaq:cd current event sccocpanicd by a pion 

punching-through to the FNI and beinp, misj~dentffied as J muon. TIlc 

x~nentun spectrun of the nun-leading mown candidates was calculated 

by applyinp. an estimntc” of the punch-tbroup.h probability to the 

observed spectrum of n+ and II- mesons in the charged current cvencs 

vhicb exit the chamber witbout interacting. The observed and calc- 

ulated integral spectra for rhc non-lending muon arc given in Table 

VIII. 
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TABLE VIII 

Number of Ohscrved nlmoon Candidates and CslcuInttd Background 
"s a Function of the Elommtum P' of the Non-leading "muon*' 

P’ 
GeVlc) 

> 2 

> 4 

> 6 

> 10 

> 20 

NC-+) NC--) 
"bs. C"LC. obs. CJlC. 

7 3.5 0 1.1 

5 3 0 0.8 

5 2 0 0.5 

3 1 0 0.2 

0 0.2 0 0.1 

For events with P' > 4 CeV/c, 11 dimuon candidofes were observed with 

. calculated bnck~,round of 8.8 events. The observed nunber of dimuon 

candidates Is not statistically significant above the estimated bnck- 

ground. Only one dimuon condidinte with P' > 4 G&/c (P 
u+ 

= 11 GcVlc. 

P 
u- 

= 18 GCVIC, I? 
5 

= 180 CeV) has an associated neutral strange particle, 

. K”. 

- 

I 

N (++) 
obs. CdC. 

3 3.5 

1 2 

0 1 

0 0.3 

0 0.07 

NC+-) 
obs. .XlC. 

9 5 

5 3 

3 1.5 

1 0.7 

0 0.25 

Assuming all the dimuon candidates in Table VIII with P' > 4 Gcvlc 

are real dim""" evcnfs and folding in the total muon identification 

efficiencies, the 902 confidence level upper Limits for the rclntivc 

rates of dimuon production with and wlfhonc o V" in antineucr~no reac- 

Lions is given in Table IX. The dinuon rates arc relative to the 

charBed current sample vhicb has been corrcctcd for missing one-prong 

events. The upper limits are given in Table IX for dimuon production 

above oncineutrlno energies of lo-40 CeV. 

It sl~ould be noted that essuming that the momentum spectrum of 

the non-leading muon Jon dimuon events is similar to the momentum 

spectrum of hndrons produced in single mu"" events. rhe rcquircmenc 

that the non-leading muon have P u 
> 4 CeV will suppress the mpparcnt 

dimuon rare nc lover antineutrino energies (-20-30 GcV). 
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It Is clenr that this type of nnnlysis coo br improved by using 

higher density neon-hydror,nn chamber fittings and by an improved TEII. 

TABLE IX 

90% Confidence Level Upper Limits for Anrincutrino Induced Dicwon 
Events or a Function of Energy 

- 
Eil otu+u-X) am u+x, o(u+u’v” ) 
Gev) a(u+x) otu+x) o(P+x) 

10 1.4X 0.62 0.35% 

20 2.4 1.1 0.6 

30 4.2 2.0 1.2 

40 5.8 4.3 2.4 

C. Study of the Strange To:-t:lclc Tnvoriant Moss Spectra 

A preliminary analysis is reported on srwi-inclusive invariant 

mass spectra of 3-7 prow: ch~rScd current “vents above 10 GeV with 

one or more observed neutral str;lnp.e parciclrs. This sample consists of 

about 500 charged current events including. 17 A. 12 K” and 2 K”A events. 

Semi-incLur.ivc lnvnri;~nc mass distribution, wore studied for 

the combinations in brackets for the following renctions: 

,ti+u+ (YY)X <N -. U+ (K”P)X 

+ u+ uw)X -t u+ (K”“)X 

* !J+ (An+)x + u+ (K”n+)X 

- u+ (An-)x + u+ (K”n-)X 

+ !4+ (A2n’)x -c U+ (K02n+)x 

+ II+ (An+n:)x + u+ (K”li+i-)X 

+ u+ (A2n-)X - U+ (K021r-)X 

+ u+ (An+2n-)X -b ,I+ (K”n+2lr-)x 

- u+ (A2r+n-)X + I!+ (K”2T+lr-)X 

+ p+ (A2n+2n-)X + U+ (K”21+2n-)X 

+ u+ (A3m+ir-)X + u: (r”3rr+Tr-)x. 
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nor this analysis all unidentified charged tracks were taken OS 

pions. 

The (YY) mass distribution for "11 charged current events with 

two g.lmma rays is given in Fig. 16a. The 11' peak has D width of ?15 

HeV cenrcred at 130 NeV. The (h') mnss distribution is Siven in 

Pig. L6b. There is some indication for the production of Z" (1190). 

A scrrch was made of all the other invariant mass distributions for 

resonances with a width of < 50 MeV. From n preliminary analysis, no 

narrow pcoks were found which contained 4 or more events nbove hack- 

ground. 

There is evidence from SPEAR ior the existence of a charmed mason 

D" (ijo) with a mass -1.87 GeV. In nntineutrino interactions we mip.ht 

therefore expect to produce the D" vhich could decay 5" + ic"n+n-. 

Figure 16~ shows the (I:" lT+n-) mass distrjbution. There is no cvidcnce 

for the production of 6" by antincufrinos. The upper limit on rho 

cross section. relntivc to all charged current events, tjmes branching 

ratio for the mode 5" + K"n+ir- is about 1 57 . 1. 

CONCLUSIONS FRO>, AMTIPj~~Tr.INO-NUCLEO:; INTERACTIONS 

1. y distribution study - The relative antiquark c"nter.t of the nu- 

clcon is energy indcpandenr; a- = 0.10 f 0.03. 
v-3 

2. x distribution study - The x distribution is consistent with 

Fed 2 (SLhC) for x 2 0.2 and is enerp.y independent. 

3. Properties of V" evenes - The relative fraction of charRed c(trrent 

events above 10 GeV with one or more V" is 14.5 t 3%. increases 

vith increasing W end is consiotcnt with Yp internctions. 

4. W-e search - The upper limit on the production of p-e events by 

antineutrinos is a(u+c-x) < 0.5% for EV > LO CL1 
a(u+x) 



20MeV bins 

M,U(GeV)- 

40MeV bins 

M, ,.(GeV) - 

(cl i?” (1.87) 

50 MeV bins 

3eventsj 

M,w,-(GeV)-- 
Fig. 1G: Invariant mass distributions COP (a) yy combinations 

from all charged wrrenl cvonts with 2 y-rays CO,,- 
verlcd. (b) AY distrilwtion for all A cwnts. 
Cc) K%+n- dislrihlion for all K” events. 
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6. U-U search - For nntioeutrino interactions grerater than 10 GeV, 

the P-v upper limit Is 

w+u-x) 5 
-z 3% 

‘2 
>4GrzV P < 0.6 GeV 

u- 

w+x) < 1.4% P 
u+ 

> 4 GeV P > 4 GCV 
u- 

7. V" i~nv~riant moss spectra study - No evidence was found for new 

“arrow resonancee. The upper limit (cross section x branching 

ratio) on the relative yield of Go in antineutrino interactions 

is 1.5%. 

UllAT IS IN TIIE FUTURE 

The present experiment based on npproximatcly 1,000 charged currwt 

antineutrfno interactions lacks the statistical sensitivity to make 

strong conclusions on 1) the high-y annmoly. 2) the P-e production, 

3) rhe P-11 production and 4) peaks in the strange particle invariant 

mass plots. During the first quarter of 1977 this experiment crpecrr 

vith additional running at Fermilab to increase its statistics by nl- 

most an order of magnitude. With the improved statistics and jmproved 

identification power of a heavier neon-hydrogen mixture ir is ancici- 

pated that it will bc possible to obtain definitive answers to some of 

the most important outstnndlng quesrions in present dny cxprrJmenCa1 

antineutrino physics. 
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