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1.INTRODUCTION 
I am reporting some results of the Fermllab-Hichigan collaborat~cr.  con­

cerning the interactions of neutrinos in l1ydrogen using the Fermllac !~iteen  

foot bubble chamber. These results' came from an exposure of the cha~cer  to 
a broad band one horn neutrino beam using an incident 300 GeV proton oea~.  

We have analyzed 40,000 pictures. The experiment is expected to eventually 
obtain at least 300,000 pictures, mostly in an improved two horn beam. :10 

external muon identifier IE:.!!) information is !!.vallable for this r epcrt . 
The EMI was run during the present exposure and we hope to oe mergi~~  :~at 

information into the present data in the near future. We are only repcrting 
on charged current events at present. 

Because of the time allotted to me for this talk I will be forced to' 
select out only a few topics in our results. I will skip or cover only 
briefly topics already discussed in the review reports of D. Cline and :. 
Rubbia. It is also necessary to reduce the description of the method of 
data analysis to a bare minimum. 

The data cuts that were made are: 
i) Sum of momentum in the neutrino beam direction (rp ) must he 'Zr~!l.ter

"� x 
than 10 GeV/c. rp is roughly equivalent to vi~ible energy.x 

11) The potential track length must be greater than 35 em, 
11i)' Fiducial volume cut. The fiducial volume ceLcc ted ',Ias abou t 2') r::3 • 

iV) Events had to be measurable in all three vie'ls. 
v) Scan cuts. We made minor cuts in scanning which should introducs 

little bias for the purposes of the present discussion. 
The fate of the candidates selected according to the above cri teria ia 

shown in Table I. Wallons are events orisinatin~  1n the bubble chamber 
walls. The &P distribution of the resulting 361 candidates is shown inx 
11C.� 1. " 

Neutrino Event Disposition 

Total frames scanned 40,700 

Candidates found 1,502 

Candidates rejected in physicist checking 
Cosmic ray 
Wa110ns 

events 62 
166 

Wallon associated 
Low momentum rejects 
General rejec ts 

Candidates remaining 

295 
175 

31 

773 

Candidates rejected in further 
Repeated track failures 
Outside fiducial volume 
EPx < 10 GeV/c 

analysis 
27 

77 
308 

Final sample of neutrino events 361 

2.DATA ANALYSIS 
We have three central problems for further analysis. We must de~ide  

which particle is the muon, estimate the energy of the incoming neutrino and 
reject background. The methods we use ~re  based on ideas of G. ~~att, H. 
Burmeister and D. Cundy. It turns out that the method of estimatir.g n~utri­
no energy also automatically solves the third problem, that of rejecting 
b~ckground.  First, what do we do? 

i) We piCK the negative particle with the highest momentum transverse 
to the direction of the incoming neutrino to select the muon. 
ii)� The method of estimating the neutrino energy requires three steps. 

Firstly, we take the projection of the visible hadronic momentu~  onto 
the ~-v  plane. (See fig. 2a). Secondly, we assume the invisible 
momentum due to unseen neutrala is in the direction of the projected 
visible hadronic momentum. We can then balance tr-ans vers e momentum 
to find the missine momentum and hence the incoming neutrino momentum~  

Finally, we make sure the results are consistent, that is, that the 
muon and hadron are not on the same side of the neutrino line. (See 
fig. 2b). This further reduces the event sample to 287 events. 

This defines what we do.� We must sti+l ask. How good is this? 
We, of course, made extensive monte carlo tests to find a good method 

of muon selection and test that it introduced little bias. Moreover, we 
were also able 'to look at the resultant experimental data and perf~rm seve­
ral tests which indicated that 8~  of our final charged current sample 

~ 

~  
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were good charged current neutrino events with the muon correctly chosen. The lines drawn through our points are only to guide the eye. Our data are 
One of these tests was to examine the events and find out how often 

the highest transverse momen~um  particle in the reaction is positiv~ly  

chnrged. This number should be small if the muon is usually the pa r t LcLe 
with the 1arg~st  transverse momentum. The results 'Ire shown in fig. 3. 
The monte carlo calculations include an estimate of the effect on the dis­
tribution of neutral currents. 

Possible sources of background are neutrons and KO, anti-neutrino 
events, neutral current events and charged current events with the muon 
incorrectly chosen. 

Our studies of the expei"1mental data indicate that no one background 
c~mponent  dominates. They are all present in comparable numbers addins up 
to the 15~  total background observed. 

The energy reconstruction has played an important role in reducin~  the 
backgrcund to this level. Our monte carlo results indicate that for charged 
currents only about 5~  of the events fail to reconstruct, but for neutral 
currents about 2/3 fail to reconstruct. Neutron events are also preferent­
ially falled. 

The crucial data feature which al10~s  both the muon selection and the 
energy reconstruction to work well is that the momentum distribution of the 
hadrons perpendicular to the overall hadronic axis is narrow. That is the 
hadrons emerge from the interaction with a jet like structure' This is

2 
shown in fig. 4. The data out to .. 5 GeVlc are fit with an e.(>p.. distribu­
tion, "here b;9.3. Howpver, some of the monentum shape just comes from 
phase space considerations~  ~lonte  carlo calculations I~hich  weight. the pha3! 
space distribution by e-bp~ with b ~ 5·or 6 give distributions· similar to 
those observed. Calculations from our data indicate 

< ~Ev/Ev > - l~ 

We can ask how much energy is missing in the reaction on the average. 
From examining the average fraction of hadronic momentum missing perpendi­
cular to the neutrino axis we conclude that the average fraction of had­
ronic enerf~·  nissing is 2C%. Since the muon takes about one-half of the 
neutrino energy Oil the average the typical event is missing 13% of its 
energy and we are estimating this fraction by the above method. 

3. ~lULTIfLICITY .;::0 INCLUSIVE DATA 

We first examine the mUltiplicity distributions. We have found that 
the moz t important variable effecting the multiplicity is the hadronic� 

2�effective mass, W. We plot the average multiplicity versus w on a loga­
r~thmic  scale in fig. 5. It is seen that the data fit a straight line 
reasonably well. Fig. 6 compares the average multiplicities for electro­
production and photoproduction with our data. Since most of the electro­
production data Are for Q2< 2 (GeV/c j2 we·have plotted our data for that Q2 
interval (vertical error b~s)  as well as for allJQ2 (slanted error bars). 

not inconsistent with being on a line parallel to the electroproduction dat& 
Our data arc higher but it must be remembered that we produce a doubly 
charged hadronic system (vp~-X++j,  whereas the electroproduced hadron 
~ystem  is singly charged. 

Fig. 7 compares our results with that obtained from high energy pp 
singly diffractive interactions. Again our results.agree well in shape 
but are a little higher. 

In fig. 8 we plot the rapidity distribution for positive and negative 
hadrons separately. For positive hadrons about 20% are protons misidenti­
fied as pions. This will distort the distribution somewhat. The cain 
point for the present is that there is no evidence for strong leading Farti­
c1e effec t s , Our x, y, and v distributions are gi·:en in the re'/iew talk of 
D. Cline and will not be repeated here. 

Our conclusions are:� 
i) <n > = (1.O±.3) + (l.l±O.l) tn W2� 

c
11) <nc> vs W2 is similar to corresponding yp, e-p, and p-p distritutions 

except <nc> is one-half to one uni~ higher fer the neutrino evec-ts. 
However: vp~-X++  which is doubly charged. 

i1i) ~o  strong leading particle effects are obser,ed. 

4. BARYONIC MASS DISTRIBUTION 

We have examined the distribution of the baryonic mass recoiling 
against the muon. This distribution is shown in fig. 9a. An apparcn~ an­
amoly is present and shows up more strongly if >Fe naka a cut on Q2. (?ig. 
9b, c). Fig. 10 shows the data for prong numbers. For this plot only, a 

EP cut of 7 GeV!c was made. The effect seems visible in 3 and 5 pror-g x 
events, especially at low Q2, but 1s not significant in our data at higher 
prong numbers. 

The data are not statistically significant enou~~  to claim a defi,-ite 
effect of this point and these results are shown in the spirit of a progre$ 
report. We hope to have about 50% more data in about one month and s~culd 

be able to confirm or kill the effect at that time. 
C. RubbLa in his review talk here has indicated strong negative c·r.i­

dence for this effect since the W distribution in the HPWF experiment does 
not seem to show such a peak. We note that some ¢aution must be used in 
making this comparison. The HPWF results are for neutrinos on heavy nu~lei.  

If we assume only that the number of neutrons is approximately equal ~c  the 
number of protons in his detector, that the neutron cross-section is t>lice 
the proton cross-section (naive parton model), and that we have a narrow 
I-spin ~  resonance, then we would con~lude that the ratio of peak to back­
ground would be decreased by a factor of 2~  in nuclei compared to hydrogen. 

If the resonance is several hundred MeV wide the decay will occur'in the 
nucleus and tend to wash out the peak. 
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Our concl"__on Is: Next we will discuss limits for 6S = -6Q events. We have found no 

We have some evidence of a peak in X++ for vp-ou-X·+ around W=3.4· 
GeV/c2• The pe~k seems to occur for Q2< 5 and for 3 and 5 prong events. 
This evidence is not yet strong enough to consider til,' ~ffcct  cstal>ll.'ll"d. 

5. STRANGE PARTICLE PRODUCTION 

We have examined the behavior of events containing ~  VO, Fig. 11 
shows the fraction of events containing a Vo as a function of rpx' No 
strong dependence on IP is seen. Fig. 12 shows the fraction of events x 
containing a Vo as a function of charged prong multiplicity. Ag~in  no 
strong effect is observed. Our x and y distributio~s for str~nge  particle 
events were shown by D. Cline in his review t~lk  and will not be repe~ted 

here. They looked similar to the non str~nge  distributions. No .vidence 
for strong peripheral production was seen. Table II lists the numbers cf 
A's, K's, A+K, etc. events found and indicates that after corrections for 
unseen Vo 15~ ± 4~  of our events have a V· associated with them. This 
does not include strange particle channels without a V· (e.g. r-K+) and 
the fraction of events with any strange p~rticle  production is even higher. 
This ratio seems high compared to earlier theoretical estimates. 

Table II 

Vo Strange Particle Production Yields 

KO A ii -- A+Ko !Total VO 

No. Observed 11 11+ 1 0 3 I 26 

No. Corrected;! 27.8±11.6* 7.8±9.1 -1.6 - 117.4±10* I 54.6±14* 

Inclusive if 
No. Corrected 45.2±12.4* 25.2±7 -1.6 

I 

- I - I -

# Decay length, neutr~l  branching ratio, scan, lVo-2Vo miXing. 
+ Excludinb A+Ko double VO events. 
• Assuming K; = KLand no K; K; corr~ction. 

Relative VO production (Excludes K+, K+X-, K+r*. etc.) 

NV• = ~.6*14 • 0.15 * 0.04 
N;' lU9 

candidates. C. RUbbia in his review talk described our fitting of events 
without missing neutrals and I will not repeat that here. They were con­
sistent with associated production and inconsistent >lith single VO prcduc­
tion. Our event flux at 13.5 GeV is 15 events/GeV. The BNL flux is .33 
events/GeV. We have no 6S = -6Q candidates, while BNL has one candidate. 
I will recapitulate our arguments given in the talk of C. Rubbia to set 
limits on 6S = -6Q events from our numbers of single and double VO events 
and will ~dd  a few more calculations. 

We have 11 single A, 11 single K;. and 3 double A+K; events. We as­
sume the number of K; events = the number of KLevents and that AK+X+ pro­
duc tion is one-half the production of AKoX++. (The one-half should ce .3. 
reasonably conservative guess here.) The expected total number of vioi~le  

A then equals 4.5 times the number of double VO events if we have cnl, 
associated production. Thus we expect 4.5x3 = 13.5 visible A if we h3.~e 

only associated production. We observe 11+3=14. Hence we have no large 
6S = -6Q signal. 

Suppose, however, that our 3 double V' events are a statistical fl~c­
tuation and the expected value is smaller. If we have 3 then \'rlth a ~5" 

conf'Ldenc e level (C.L.) the expectation value is greater than .8. :,e re­
place 3 by .8 and redo the above calculation. We then have 11+,8-.2·~,5  D 

8.2 possi?le single V production events which is about 1/45 of our sa~ple.  

Hence, at the 95% confidence level less than 1/45 of our events with rF > x 
10 GeV/c are single A production. The BIlL rate 1s 1/5. Finally, suppc se 
we make the speculative assumption that the BNL event can be produced' oJ 
neutrinos from K decay only. For rpx,>40 GeV/c our events are heaVily 
weighted by interactions of K decay neutrinos. In this region we have ~ 

single A and 1 A+Ko out of 87 events total. If We ignore the double 7' 
event completely to get the biggest rate we have ~2  for a rate to ccr::;;are 
with the 1/5 for BNL. 

Our conclusions for this section are: 
i) Production of strange particles for rPx>lO GeV/c is not a streng 

function of rp or of the number of charged prongs at the prl~aryx 
vertex. 

1i) About 15% of our events have a V' after correction for those ~issed• 
The total strange particle production will ,be still larger since 
contributions from non-Vo channels (e.g. r-K+) must be added. 

i11) We have no candidates for 6S = -6Q violation but have 50 times the 
flux that BNL has in the region of energy above 10 GeV/c. 

/ 
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