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Abstract  

I n i t i a l  r e s u l t s  of a  n e u t r a l  cur rent  search i n  t h e  Caltech- 

Fermilab ,,-experiment a r e  discussed.  Existence of t h e  e f f e c t  i s  

confirmed a t  a  l e v e l  near  t h a t  previous ly  repor ted  i n  o t h e r  n e u t r a l  

cur rent  experiments. 
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Within the  pas t  couple of yea r s  t h e  search  f o r  heavy leptons and n e u t r a l  

c u r r e n t s  has taken on new importance. The "Gauge Theories" which uni fy  e l e c t r o -  

magnetic and weak fo rces  r equ i re  the  ex i s t ence  of heavy lep tons ,  n e u t r a l  cur rents ,  

+ o r  both. Even with the  in t roduc t ion  of W-bosons, the  r eac t ion  u  + - W + W- 

s t i l l  grows with energy and the  in t roduc t ion  of e i t h e r  heavy leptons o r  n e u t r a l  

cu r ren t s  a r e  necessary t o  b r ing  about convergence i n  t h e  theory. 

A search f o r  Gauge-type charged heavy leptons has been performed i n  the  

Caltech-Fermilab experiment by looking f o r  t h e  r eac t ion  

+ u + N ' Y + hadrons 
!J 

L , + + u  +. 

The r e s u l t s  of t h i s  experiment (PRL 32 1387 (1974)) show t h a t  My+ > 7.0 GeV/c 2 
-> 

+ 
unless  the branching r a t i o  f o r  the  Y t o  decay i n t o  leptons i s  l e s s  than 14. 

A search f o r  the hadronic decay mode and a l s o  a search f o r  n e u t r a l  heavy leptons,  

0 
Y , a r e  now proceeding i n  the Caltech-Fermilab appara tus .  However, thus f a r ,  

there  i s  no p o s i t i v e  evidence f o r  Gauge-type heavy leptons.  - 
As we a l l  know, t h e  experimental i n d i c a t i o n s  poin t ing  t o  the  ex is tence  of 

non-strangeness changing n e u t r a l  c u r r e n t s  a r e  more p o s i t i v e .  The CERN-Gargamelle 

r e s u l t s ,  f i r s t  presented l a s t  summer, i nd ica t ed  t h e  presence of neu t r ino - l ike  

i n t e r a c t i o n s  without f i n a l  s t a t e  muons. The r a t e  f o r  these  events  was about 

f i v e  times t h a t  expected from neutron background i n  the  beam. Confirmation of 

these  observat ions have been reported by the  Harvard-Penn-Wisconsin Group i n  a 

high energy neut r ino  experiment a t  Fermilab, and from the  Argonne 12' bubble 

chamber f o r  the  s ing le  pion production channels.  

Despite these r e s u l t s ,  i t  i s  s L i l l  extremely d i c r i c u l t  t o  make an absolu te ly  

convincing case fo r  n e u t r a l  cu r ren t s .  This i s  due t o  the  simple experimental 



f a c t  t h a t  f o r  n e u t r a l  cu r ren t  r eac t ions  both the  i n i t i a l  and f i n a l  s t a t e  - 
neu t r inos  a r e  non-observables. This means t h a t  t h e  r eac t ion  i s  underconstrained 

and a l t e r n a t e  mechanisms f o r  t h e  observat ions a r e  poss ib l e .  So, r a t h e r  than 

a c t u a l l y  "seeing" n e u t r a l  c u r r e n t  events ,  o t h e r  explanat ions  f o r  events  of  t h i s  

topology must be explained away. 

For t h i s  reason, i t  i s  v i t a l  t o  look f o r  n e u t r a l  c u r r e n t s  i n  a s  many 

experiments with d i f f e r e n t  background problems a s  poss ib le .  I d i scuss  he re  

t h e  i n i t i a l  r e s u l t s  of  a  new experiment searching  f o r  n e u t r a l  c u r r e n t s  i n  the  

i n c l u s i v e  r eac t ions  u(c)  + N - v(u) + hadrons. The whole t h r u s t  of  t h i s  i n i t i a l  

experiment by our  group was t o  concent ra te  on t h e  ques t ion  of exis tencefnon- 

ex i s t ence  a t  o r  near  t h e  reported l eve l s !  

The primary experimental d i f f i c u l t y  a t  high energ ies  comes from not  

i d e n t i f y i n g  t h e  muon i n  t h e  ord inary  charged c u r r e n t  i n c l u s i v e  r eac t ion  u + N - 
p- + hadrons. Every at tempt was made i n  our  experiment both t o  minimize t h e  

l e v e l  of undetected muons and determine experimental ly the f r a c t i o n  of muons 

escaping de tec t ion .  

The main f e a t u r e s  of the  experiment a r e :  

(1) An in t eg ra t ed  Fe d e t e c t o r  which i s  -70 c o l l i s i o n  lengths long i tud ina l ly  

and 7.5 c o l l i s i o n  lengths  from t h e  c e n t e r  t o  the  edges t ransverse ly .  

(2) The dichromatic  neu t r ino  beam which sepa ra t e s  u and 6 by s ign  s e l e c t -  

ing  a  band of high energy hadrons (140 GeV); the  beam has few low 

energy neu t r inos .  (Low energy neu t r inos  g ive  slow, l a r g e  angle muons 

which a r e  d i f f i c u l t  t o  i d e n t i f y ) .  

(3 )  Muon i d e n t i f i c a t i o n  by penet ra t ion  i n s i d e  the  Fe d e t e c t o r  with good 

acceptance f o r  the  muon. 



The results of the experiment are summarized in the figures. 

Figure 1 shows that the vertex of interaction is located to about '5 cm in 

space. This vertex position is determined from the sparks in the chhbers 

near the interaction point. It is important to determine the vertex with 

reasonable accuracy in order to make sure the events occurredwell within the 

steel target. For events which are "neutral current candidates" (eg. no 

detected penetrating muon) the distributions in the transverse coordinates x 

and y and the longitudinal coordinate z are also shown. Note that the flat 

distribution over -50 collision lengths in z indicates that these events cannot 

be neutron interactions. Also, the distributions in x and y show no noticeable 

peaking for events nearer the edges of the apparatus. 

The apparatus was triggered on either detection of a penetrating muon - or 

deposition of a few GeV of hadron energy in the calorimeter. To search for 

neutral currents, triggers of the second type with E + 6 GeV (where the 
tl 

detection efficiency is good) were used. The vertex was then required to be 

well inside the steel target, the hadron energy recorded, and information on 

Benetration from the scintillation counters was used to identify muons. 

Figure 2 shows the distribution in penetration (P) for the most penetrating 

particle in the interaction. Note that a hadron cascade will typically penetrate 

about 10 collision lengths. The data, for both neutrinos and antineutrinos, 

show a peak for penetration typical of hadrons followed by a distribution for 

events with more penetration. The curves drawn for the expected charge current 

distributions come from fitting the differential distributions for events with 

a clearly identified muon (P > 1.4 C . L . ) .  

Ol,vio~lsly, Lliere is ;II~ ;rl>parent cxccss < ) I '  events for sl~<,rLe~- pcnelratinrls. 

S i n r i ,  this is tl~e extrapolated part or Llle curve? I-or charged currents it i s  

possible that these distributions arc due to anamolous charged current distri- 

bl~iions in this region. In order to investigate this possibility we time compar- 

ed the hadron energy distritutions in figure 3 for P 5 13 CL (neutral currents?) 



P > 14 C.L. (charged currents), and 18 < P < 26. Characteristically, as one - - 
looks at shorter penetration for the muon the muon has less energy. This 

means that Ehad approaches E . By looking at the total charged current dist- 
U 

ribution and a subset for shorter penetration this effect is apparent in the 

figure. The expected E distribution for charged currents with P < 13 C.L. 
had - 

is also shown. Note that the measured Ehad distribution is characteristically 

different from that expected from an excess of charged current events at large Y. 

The peak in P is also not explainable from v interactions, cosmic rays, etc. 
e - 

 excess) 
The raw level of the excess is o(charge current) = 0.22 and 0.33 for 

neutrinos and antineutrinos, approximately the same level reported in previous 

experiments. The actual magnitude of this effect depends on the y-distribution 

of these short penetration events, detection efficiency vs Ehad, etc. At this 

point we believe the magnitude is within a factor of two of these RAW numbers, 

however, more measurements are necessary to quote accurate rates and distributions. 

We are pursuing these goals in a new run. 

In conclusion, we have evidence for neutrino-like interactions with no 

lnuon in the final state. Our results are consistent with previous results and 

seem to point toward the existence of neutral currents as an explanation. 



RESOLUTION -VERTEX POSITION 

I I 
loo 7, X-  VERTEX 

Y - VERTEX 
loo r--T 

INTERACTION POINT, Z (C.L. OF IRON) 

Fig. 1 

Resolut ion of ve r t ex  l o c a t i o n  ( l a ) ,  and long i tud ina l  
and t ransverse  p o s i t i o n s  of ve r t ex  f o r  n e u t r a l  cu r ren t  
candidates  ( lb ,  l c ,  i d )  f o r  v induced i n t e r a c t i o n s .  
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HADRON ENERGY DISTRIBUTION 
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Hadron Energy distributions for different 
values of penetration, P. 
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