
CALT 68-506 *2/A 
ENERGY RESEARCH AND 
DEVELOPMENT REPORT 

SEARCH FOR ANOMALIES I N  HIGH ENERGY 
CHARGED CURRENT NEUTRINO INTERACTIONS* 

F. J. S c i u l l i  
Ca l i fo rn ia  I n s t i t u t e  of Technology, Pasadena, C a l i f .  91125 

I n v i t e d  t a l k  given a t  t h e  Neutrino '75 I n t e r n a t i o n a l  
Conference, ~ a l a t o n f u r e d ,  Hungary, June 16-21, 1975. 

CONTENTS 

I. In t roduc t ion  
11. High Energy Cross-Sections 
111. High Energy D i f f e r e n t i a l  D i s t r i b u t i o n s  
I V .  Summary 

INTRODUCTION 

The h igh  energy i n e l a s t i c  neut r ino  $recesses involving a  s i n g l e  
f i n a l - s t a t e  muon, i . e .  v (< ) + N + ~ - ( p  ) + hadrons, a r e  of impor- 

FL FL 
t ance  t o  t h e  s tudy of  elementary p a r t i c l e s  i n  two broad areas .  I n  
t h e  f i r s t  p l ace ,  t h e  approximate s c a l i n g  behavior p red ic t ed  and 

1 observed i n  t h e  analogous electromagnetic  processes has  l ed  t o  a  
simple quark p i c t u r e  f o r  nucleon s t r u c t u r e  t h a t  appears t o  a t  l e a s t  
q u a l i t a t i v e l y  exp la in  t h e  observed behavior of  t hese  neut r ino  c o l l i -  
s ions  a t  moderate energies .  Second, and of  even more importance, 
l a rge - sca le  dev ia t ions  from t h i s  p i c t u r e  a t  h igher  energ ies2  may 
i n d i c a t e  a  new phys ica l  regime. We should d i f f e r e n t i a t e  small  modi- 
f i c a t i o n s  t o  t h e  quark p i c t u r e ,  such a s  logar i thmic  dev ia t ions  t o  
sca l ing ,  o r  even t h e  damping e f f e c t s  a t  l a r g e  momentum t r a n s f e r s  
(QZ), such a s  those expected from propagator  e f f e c t s ,  from t h e  energy 
threshold  e f f e c t s  expected f o r  product ion of new hadronic o r  l e p t o n i c  
s t a t e s .  I n  view of t h e  e x c i t i n g  new discoveries394 a t  SPEAR and BNL, 
and t h e  avid expecta t ions  w r i t t e n  on t h e  faces  of t h e  t h e o r i s t s  
around us,  we expe r imen ta l i s t s  cannot he lp  but  be in fec t ed  by t h i s  
s p i r i t  and pay very c l o s e  a t t e n t i o n  t o  t h e  l a s t  of t hese  p o s s i b i l i t i e s .  

I n  Table I ,  I have ou t l ined  t h e  "conventional p i c tu re"  f o r  
neut r ino  c o l l i s i o n s  on heavy t a r g e t s ,  beginning with t h e  d i f f e r e n t i a l  
c ros s - sec t ions  expected i n  t h e  genera l  case f o r  a  V-A i n t e r a c t i o n .  
Following t h i s ,  t h e  usua l  assumptions applied t o  t h e s e  express ions  
a r e  w r i t t e n  i n  t h e  order  o f  t h e i r  e s t ab l i shed  r e l i a b i l i t y  at  low 
energ ies .  Some recent  evidence i n  t h i s  regard should be noted.  The 
Gargamelle group5 has  r e c e n t l y  published t h e i r  a n a l y s i s  f o r  t h e  Adler 
sum r u l e ,  t h e o r e t i c a l l y  v a l i d  a t  i n f i n i t e  energy (E > > Q ~ / z M ) ,  which 
p r e d i c t s  t h a t  t h e  d i f f e r e n t i a l  c ros s - sec t ion  d i f f e r e n c e  between 
neut r ino  and an t i -neu t r ino  (neglec t ing  AS = 1 i n t e r a c t i o n s )  should 
vanish f o r  t a r g e t s  of i s o p i n  zero. Figure 1 shows t h a t  t h i s  d i f f e r -  
ence i s  cons i s t en t  with zero a s  ~ 2 1 ~ - 0 ,  cor robora t ing  t h e  charge 
symmetry p r i n c i p l e  observed i n  weak decays. The s c a l i n g  and Callen- 
Gross r e l a t i o n s  a r e  v e r i f i e d  only t o  about 10-20% i n  t h e  reg ions  of 
v a l i d i t y ,  and a r e  known697 t o  be se r ious ly  broken a t  low 92. 
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TABLE I 

dov G'ME - = -  2 2 2 2 
[qv(v,Q + t J (v ,Q ) (1 - y) + Kv(v,Q (1  - Y)]  

414 
dxdy n (Q2 + 

- 
doV - = -  2 2 

[;;(;,Q2) + q3(v,Q ) ( 1  - y)' + K;(v,Q ) (1  - Y ) ]  dxdy m (Q2 + 

- 2xFl + XF3 1 3 2xF - xF 
Other notation: K - F2 - 2xF1; q = 'I= 

2 2 - 

Evidence (Low E n e r ~ )  

I 

Scaling 

C 

Q2 > 1 GeV I 
I? > P GeV 1 

Charge symmetry 

KV = K- 

High mass 
propagator Q2 << A 

2 

I 
I Callen-Gross K - 0  
i Relat ion (F2 = 2 x 5 )  

i 

Weak decays 

GGM v expts  

- Adler sum r u l e  

i 
!I, - 

Small a n t  i-quark" q<x) <S qcx) I 

SLAC eN 
good t o  -10 - 20% 

For Q2 < 1 GeV 2 
l a r g e  deviat ions  
independent of W 

SLAC eN 
known v io l a t ions  O(104) 
May be wrong by -20% 

a t  small  x .  

Must be wrong a t  small  x I 
GGM : 

I 
= -06 a l l  x 

1 
a = 

fF2(x)dx I I 
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The "small anti-quark" statement, written last, simplifies the 
mathematics, but must be applied with caution. It is expected8 
theoretically to be badly broken at small x; i.e. q(o) = q(o). This 
is consistent with the experimental determination5 of these quantities 
obtained by the Gargamelle experiment, shown in figure 2. These 
distribution functions are obtained from a direct comparison of 
neutrino and anti-neutrino cross-sections in the energy region 
E $ 15 GeV. 

Since we are very interested in the question of new particle 
production, the low energy behavior is of some relevance when making 
comparisons to determine whether some energy threshold has been 
passed. To roughly 20% accuracy, therefore, we expect that high 
energy neutrino collisions will be determined by 

where q(x), q(x) are more or less as shown in figure 2. Because the 
Gargamelle data are at low energy, some differences might be expected 
at low x (low QZ), where the SUC-MIT data indicate the poorest agree- 
ment with scaling.6 But large-scale deviations from these relations, 
especially when they occur beyond some well-defined energy threshold, 
might be the signal we seek for the emergence of new states of matter. 

HIGH ENERGY CROSS-SECTIONS 

The integrated forms of equations (1) and (2) are 

whereQ=lq(x) dx and o=Jq(x) dx. 

These relations illustrate the expected linear rise with neutrino 
energy, and an expected total cross-section ratio of roughly 113 
(for p < Q). Up to about 100 GeV, no serious discrepancy from the 
expected behavior has been seen. 

Figure 3 shows the high-energy cross-sections measured9 by the 
Harvard-Pennsylvania-Wisconsin-Fermilab collaboration (HPWF). These 
are obtained using the Hagedorn-Ranft calculated neutrino flux 
distributions, normalizing to the low energy cross-sections for quasi- 
elastic scattering. Their measured slopes up to 80 GeV, with accur- 
acies of about 25%, agree well with the normalized cross-sections 
measured at CERN (E < 15 GeV). 

The Caltech-FNAL experiment has thus far measured normalized 
cross-sections at two neutrino energies, utilizing the direct flux- 
measuring techniques10 that can be applied in the narrow band beam. 
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The best slope value for the sum of o and 0- up to 100 GeV, shown v v 
in figure 4, are within one-standard deviation (about 10%) of the 
low-energy measurements. Figure 4 also shows1' that the measurement 
of the effective mean-square charge of the constitutents, obtained 
by comparison of electron-scattering and neutrino scattering, 
continues to indicate fractional charge for nucleon constituents 
when high energy neutrinos are used as probes. 

HIGH ENERGY DIFFERENTIAL DISTRIBUTIONS 

One year ago, the status of the high energy distributions was 
mixed. The Caltech-Fermilab group had c ~ n c l u d e d l ~ , ~ ~  from a sample 
of 1500 neutrino events at 50 and 150 GeV that no serious anomalies 
were visible in the shapes of the differential distributions. In 
particular, the o2 behavior predicted by the SLAC-measured F2(x) and 
a flat y-dependence for dominant q(x) gave good agreement with the 
data. A mass limit of 10 G ~ V / C ~  on the mass of an intermediate 
vector boson propagator was quoted on this basis. 

The HPWF group, on the other hand, saw299 what they felt was a 
serious anomaly in the y-distributions of rj ,  especially beyond 30 GeV 
anti-neutrino energy. Since then, they have determinedl3 that their 
anomaly exists only in a restricted range of x, x<0.1. This is 
illustrated14 in figure 5, which shows the y-distributions for v and 
.5 in two bands of x. For x>0.1, they have normalized so that the 
v and .j intercept the same point at y = 0, as required by charge 
symmetry. Using the same normalization for x<0.1, they find that 
the .j data lie uniformly lower than the v data by a factor of about 
0.36. 

Although this effect has been dubbed a "high-y anomaly", I 
believe that the level for dN at large y is close to what is expected 

dy 
from low energies. Figure 2 shows that the Gargamelle small-x values 
for q(x) and {(x) are 

q(x) = 0.85, 4(x) ~ U U  0.25 for x < 0.1. 

Equations (1) and (2) then predict for x < 0.1 

For large y, we expect 

consistent with the ratio 0.36 observed by HPWF. 







The behavior a t  small y  and small x  i s  n o t  explained so simply, -- 
however. From Table I ,  f o r  f ixed  energy neu t r inos ,  

This  r e l a t i o n  depends on V-A and charge symnetry and i s  independent 
of s ca l ing ,  Callen-Gross, o r  any of t h e  o t h e r  assumptions shown i n  
Table I. The d a t a  of f i g u r e  5 appear t o  v i o l a t e  t h i s  r e l a t i o n  by a  
f a c t o r  of 3 ,  whereas t h e  r e l a t i o n ,  broken only by neutron-proton 
t a r g e t  excess,  and strangeness-changing cu r ren t s ,  should be v a l i d  t o  
about 5-10%. 

The f a c t  t h a t  t h i s  anomaly occurs  a t  small y  makes i t  u n l i k e l y  
t o  be from t h e  production of  new high  mass hadronic s t a t e s  by a n t i -  
neut r inos .  The t y p i c a l  an t i -neu t r ino  energy i n  the  HPWF d a t a  i s  
about 30 GeV. The average energy t r a n s f e r  t o  the  hadron system f o r  
y < 0.1 and E,, -- 30 GeV i s  v = 3 GeV, corresponding t o  W w 2.2 GeV, 
a  r e l a t i v e l y  low mass value. Also, t h e  d a t a  a r e  cha rac te r i zed  by an 
absence of expected events  a t  small y ,  r a t h e r  than  an excess.  

This  region of small y  and small  x, i t  should be noted,  i s  
charac ter ized  by t y p i c a l  values of energy and four-momentum t r a n s f e r ,  
r e spec t ive ly ,  of v $ 3 GeV and ~2 6 6 ~ e ~ 2 .  This  i s  j u s t  t h e  reg ion  
of Q2, v where Gargamelle f inds5  consis tency with t h e  requirements 
of charge symnetry, again making i t  u n l i k e l y  t o  be from product ion 
of  new hadrons. 

Two p o s s i b i l i t i e s  remain f o r  t h e  observed e f f e c t .  (1) Because 
t h e  i n i t i a t i n g  neu t r inos  have much h igher  energy than those  a t  CERN, 
anomalies could be t h e  r e s u l t  of new i n t e r a c t i o n s  a t  t h e  lep ton  
vertex.  (2)  The d a t a  have been taken with a  wide-band beam, which 
has  a  d i f f e r e n t  spectrum f o r  neu t r inos  and an t i -neu t r inos .  I n  
add i t ion ,  c u t s  i n  Q2 and W have been appl ied  t o  remove "quas i - e l a s t i c  
events". The e f f e c t  of such energy-dependent c u t s  on neut r ino  and 
an t i -neu t r ino  d a t a  of d i f f e r i n g  energ ies  must be c l e a r l y  understood 
before  we can r u l e  out  t h i s  p o s s i b i l i t y .  

The Caltech-Fermilab group, i n  t h e  process of car ry ing  out  t h e i r  
n e u t r a l  cu r ren t  program, has  r e c e n t l y  acquired and analyzed a sample 
of an t i -neu t r ino  d a t a  which bear  on t h i s  quest ion.  This  da t a  i s  
almost e n t i r e l y  from pion neu t r inos  of mean energy<%> = 50 GeV. 
Figure 6b shows t h e  experimentally-observed energy spectrum of 
recons t ruc ted  an t i -neu t r ino  events .  

I n  order  t o  t e s t  f o r  consis tency with lower energy i n e l a s t i c  
s c a t t e r i n g ,  t h e  parameter iza t ion  shown i n  f i g u r e  7 h a s  been adopted. 
The assumed form f o r  F2(x) = q(x)  + {(x) assumes t h e  Callen-Gross 
r e l a t i o n ,  and i s  t h e  empir ica l  express ion  found t o  d e s c r i  e  e l ec t ron -  
deuteron i n e l a s t i c  scattering. ' '  The form f o r  i ( x )  = e - ' ~  F2(x) 
s a t i s f i e s  t h e  requirements q(o)  = q(o) ,  and q(x)  < F fx )  f o r  a l l  x. 
Quan t i t a t ive  conclusions regarding t h e  t o t a l  integra$ed f r a c t i o n  
(a = r 4(x) dx/ dx) a r e  somewhat dependent on t h i s  parameteriza- 
t ion , '  it should although statements  made i n  r e s t r i c t e d  x 
reg ions  (e.g. x  < 0.1) do n o t  depend on such d e t a i l s .  

Although t h e  o v e r a l l  e f f i c i e n c y  f o r  obta in ing  charged-current 
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events  i n  t h i s  experiment was high (-85%), a  s u b s t a n t i a l  f r a c t i o n  do 
not  have the  muon energy d i r e c t l y  measured because of  s o l i d  angle 
r e s t r i c t i o n s  f o r  t h e  magnetic spectrometer .  For tunate ly ,  t h e  narrow 
band beam with an energy spectrum peaking a t  50 GeV, and a  width of 
about 25%, provides a  d i r e c t  r e l a t i o n s h i p  between measured hadron 
energy (y) and y  = y / E  . 

Figure 8 a  shows t l e  observed y - d i s t r i b u t i o n  f o r  t h e  85 events  
with measured f i n a l - s t a t e  muon and with x  > 0.1. These da ta ,  con- 
s i s t e n t  w i t h a  = 0.11 a s  shown, a r e  a c t u a l l y  r a t h e r  i n s e n s i t i v e  t o  
v a r i a t i o n s  i n a .  The d a t a  (Fig. 8b) with x < 0.1 a r e  more s e n s i t i v e .  
The curves f o r  a = 0 and a = 0.11 a r e  normalized t o  t h e  d a t a  of 
f i g u r e  8a. As f i g u r e  8b shows, t h e  d a t a  a t  small x p r e f e r  some < 
component t o  provide s i g n a l  a t  l a r g e  y  a s  seen i n  t h e  da ta .  The 
d i s t r i b u t i o n  i n  hadron energy, f i g u r e  8c, f o r  events  with the  muon 
unmeasured, a l s o  p r e f e r  some f i n i t e  <-component. The x 2  f o r  t h e  
simultaneous f i t  t o  these  d i s t r i b u t i o n s ,  shown i n  f i g u r e  8d, i s  q u i t e  
cons i s t en t  with a = 0.11 f o r  t h e  r e l a t i v e  i n t e g r a t e d  ant i-quark 
component, and i s  not  i n  good agreement with a = 0 o r a  = 0.5. 

The d i s t r i b u t i o n  i n  i n v a r i a n t  mass ( f i g u r e  9a) r e f l e c t s  t h i s  
requirement f o r  some events  with l a r g e  y. The d a t a  conta ins  events  
with r a t h e r  l a r g e  i n v a r i a n t  mass, which again r e q u i r e s  some f i n i t e  q 
component (e.g. curve with a = 0.11).  The experimental d i s t r i b u t i o n  
i n  y,  f o r  x  < 0.1,  i s  shown again i n  f i g u r e  9b. Here the  d a t a  have 
been correc ted  f o r  e f f i c i ency .  The curve with a = 0.11, shown f o r  
comparison, i s  again q u i t e  cons i s t en t  with t h e  da ta .  The s t a t i s t i c a l  
e r r o r s  a r e  such t h a t  a  f l a t  d i s t r i b u t i o n  with normalizat ion as  a  f r e e  
parameter could not  be ru l ed  ou t .  

Because of t h e  charge syrrsnetry ques t ion  a t  small y  r a i s e d  e a r l i e r  
i n  connection with t h e  HPWF d a t a ,  it i s  of some i n t e r e s t  t o  t r e a t  t h e  
CIT d a t a  i n  a  s i m i l a r  manner. F igure  9c shows t h e  x  < 0.1 neut r ino  
and an t i -neu t r ino  d a t a  normalized such t h a t  t h e  d a t a  with x > 0 . 1  
have equal dN a t  y  = 0.  This  f i g u r e  should then be compared with 

dy 
f i g u r e  5b. I n  t h i s  case,  t h e  a n t i - n e u t r i n o  d a t a  a r e  e n t i r e l y  consis-  
t e n t  with the  same i n t e r c e p t  a t  y  = 0 as  t h e  neu t r ino  da ta .  A f l a t  
d i s t r i b u t i o n  ly ing  a  f a c t o r  0.36 below t h e  neut r ino  d a t a  would l i e  
below a l l  of  t h e  d a t a  p o i n t s ,  a s  shown i n  t h e  f igu re .  This  da t a  does 
no t ,  t he re fo re ,  show t h e  same low y  behavior discussed i n  connection 
with the  HPWF da ta .  It should be noted t h a t  t h i s  d a t a  was taken i n  
t h e  narrow-band beam and h a s  not  been cut  i n  any kinematic  va r i ab le s .  

Recent t h e o r e t i c a l  i n t e r e s t  i n  t h e  p o s s i b i l i t y  of  right-handed 
hadronic currentsl1. l7(with "charm"), toge ther  with t h e  observat ion 
of new hadronic s t a t e s  at  SPEAR, prompts a  f u r t h e r  i n v e s t i g a t i o n  of 
t h i s  50 GeV < da ta .  Such right-handed cu r ren t s  would be e s p e c i a l l y  
v i s i b l e  i n  an t i -neu t r ino  c o l l i s i o n s ,  s ince  t h e  y - d i s t r i b u t i o n  would 
go from a  dominant (1 - y)2 behavior below threshold  t o  an approximate 
[ l  + (1  - y)2] dependence wel l  above threshold .  A t  EV = 50 GeV, t h e  
energy i s  we l l  above threshold  f o r  t h e  production of 3 GeV hadrons 
with t h e  kinematic  region f o r  product ion ly ing  a t  y ( 1 -  x) 2 .08. I n  
t h e  absence of a  d e t a i l e d  threshold  dependence, f i t s  have been - attempted t o  t h e  y - d i s t r i b u t i o n  with t h e  expression 
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where a  i s  t h e  e f f e c t i v e  coupling of a  new right-handed c u r r e n t ,  and 
q (x ) ,  qr(x) a r e  t h e  quark and ant i-quark d i s t r i b u t i o n  funct ions  
discussed previous ly  f o r  11% ant i -quark  component. Figure LO,  show- 
ing  t h e  confidence l e v e l  vs a  f o r  t h e  d a t a ,  r u l e s  out  a  = 1 a t  r r 
about t h e  10% p r o b a b i l i t y  l e v e l .  It i s  very u n l i k e l y  t h a t  such 
right-handed c u r r e n t s  a r e  appearing copiously i n  an t i -neu t r ino  
c o l l i s i o n s  a t  50 GeV. 

The neu t r ino  d a t a  taken i n  t h e  same run with observed energy 
d i s t r i b u t i o n  as  shown i n  f i g u r e  6a, shows complete consis tency with 
t h e  b e s t  parameter iza t ion  found f o r  t h e  an t i -neu t r ino  case. Here 
t h e  d a t a  c o n s i s t s  of comparable s i g n a l  from 50 GeV and 150 GeV 
neut r ino  c o l l i s i o n s .  Because of t h e  l a r g e  s i g n a l  observed i n  di-muon 
product ion by neu t r inos  a t  150 GeV, i t  i s  of some i n t e r e s t  t o  i n v e s t i -  
ga t e  whether t h e r e  i s  any i n d i c a t i o n  f o r  l a rge - sca le  changes between 
t h e  two energ ies  i n  t h e  ord inary  charged-current events .  

The Caltech apparatus measures muon energy f o r  only a  subset  of 
events  with r e l a t i v e l y  small muon angle,  8 .  A t  f ixed  i n e l a s t i c i t y ,  
y ,  t h e  event x-value i s  given t o  leading order  by 

Di f f e ren t  t a r g e t  f i d u c i a l  c u t s  were made on t h e  50 and 150 GeV 
events ,  such t h a t  ~8~ = cons tant .  This  provides t h e  same e f f i c i e n c y  
a t  f ixed  y, f o r  t h e  two neu t r ino  energ ies .  A Monte-Carlo check of 
t h i s  procedure shows t h a t  i t  provides a d i r e c t  check on s c a l i n g  t o  
b e t t e r  than 5%. The r a t i o  of 150 GeV/50 GeV d a t a  vs y i s  shown i n  
f igu re  11. The d a t a  i s  completely cons i s t en t  between t h e  two energ ies ,  
although t h e  s t a t i s t i c s  a r e  such t h a t  30% dev ia t ions  cannot be ru l ed  
out .  Th i s  procedure w i l l  be appl ied  t o  d a t a  taken i n  t h e  coming 
months, which w i l l  conta in  many more ene rg ie s ,  and w i l l  have d i r e c t ,  
independently measured normalizat ions.  

Using t h e  x-parameterizat ion a l ready d iscussed ,  t h e  Q' depen- 
dence of t h e  neut r ino  d a t a  can be predic ted .  F igure  12 shows t h e  
50 GeV and 150 GeV Q~ d i s t r i b u t i o n s  d i r e c t l y  measured i n  t h e  experi-  
ment. No dev ia t ions  from expected behavior shown a s  smooth curves, 
a r e  seen. The high energy d a t a  a r e  such t h a t  propagator  masses l e s s  
than 14 G ~ V / C ~  can now be excluded. 

SUMMARY 

We a n t i c i p a t e  t h a t  we might soon be seeing neu t r ino  product ion 
of new hadronic  and/or l e p t o n i c  s t a t e s ;  indeed, t h e  recent  r e s u l t s  
i n  dimuon product ion by neu t r inos  may be t h e  f i r s t  h i n t s  of such 
e f f e c t s .  However, i n  my opinion,  t h e  charged-current d a t a  s tanding  
alone,  t hus  f a r  has  not  demonstrated t h a t  such anomalies e x i s t .  

(1)  No evidence f o r  t h e  opening of new channels i n  v i s i b l e  
i n  t o t a l  product ion r a t e s  up t o  about 100 GeV. 
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(2) The neut r ino  charged c u r r e n t  d a t a  shows no anomalous 
y-dependent behavior a t  t h e  30% l e v e l  when comparisons 
a r e  made between 50 GeV and 150 GeV inc iden t  ene rg ie s .  
The large-q2 dependence fol lows t h e  form p red ic t ed  
f o r  neu t r inos  of 150 GeV a t  a l e v e l  t o  r u l e  out  a 
14 G ~ V I C ~  propagator  mass. 

(3 )  The large-y dependence of an t i -neu t r ino  events  i s  con- 
s i s t e n t  with t h e  behavior expected from lower energy 
experiments. Both t h e  s i z e  of t h e  e f f e c t  and t h e  x- 
dependence of t h e  e f f e c t  a r e  q u a l i t a t i v e l y  s i m i l a r  t o  
t h a t  observed by Gargamelle. ( I t  should be  n o t e  t h a t  
p r e c i s e  comparisons wi th  low energ ies  should not  be  
expected, p a r t i c u l a r l y  i n  t h e  reg ion  of  small x o r  x' 
where 42 a r e  small a t  low energy.) 

(4) The small-y behavior of t h e  HPWF an t i -neu t r ino  da ta  i s  
incons i s t en t  with t h e  requirements of charge symmetry 
i n  t h e  reg ion  of small  x. The Caltech-Fermilab a n t i -  
neut r ino  d a t a  a t  50 GeV do not  cor robora te  a v i o l a t i o n  
of charge synnnetry. I n  any case,  such behavior would 
be un l ike ly  t o  occur a s  a r e s u l t  of  t h e  product ion of  
high mass hadrons. 

A s  r e c e n t l y  a s  two yea r s  ago, experimentat ion i n  high-energy 
neu t r ino  c o l l i s i o n s  was expected t o  b e  experimentat ion on charged- 
cur rent  i n t e r a c t i o n s .  We now see  t h e  f i e l d  divided i n t o  t h r e e  
sepa ra t e  top ic s ,  with 0,  1 ,  o r  2 muons i n  t h e  f i n a l  s t a t e .  The 
f i r s t  and l a s t  a r e  r e a l l y  new f i e l d s ,  and a s  such r equ i re  no motiva- 
t i on .  Thei r  very ex i s t ence  f u l f i l l s  i n  p a r t  t h e  promise of new 
physics  with high-energy neut r inos .  

To see  new phys ics  i n  t h e  "old" f i e l d ,  with a s i n g l e  f i n a l - s t a t e  
muon, i s  unquestionably more d i f f i c u l t .  But we have come part-way 
there .  We know now t h a t  t h e  simple s c a l i n g  and quark p i c t u r e s  pre- 
d i c t ed  f o r  high energy works a t  a q u a l i t a t i v e  l e v e l  up t o  more than 
100 GeV. The chal lenge i s  c l e a r :  t o  quan t i fy  t h i s  agreement t o  t h e  
h ighes t  energy a t  which i t  ho lds ;  meanwhile, t o  push on t o  even 
h igher  energ ies  where t h e  new phys ics  can be  seen c l e a r l y .  

I n  t h i s  regard,  Serphukov has  r e c e n t l y  begun neu t r ino  experi-  
mentation, and t h e  CERN SPS w i l l  be running wi th in  two yea r s .  The 
e x i s t i n g  programs a t  FNAL a r e  t o o l i n g  up t o  do experiments with 
s u b s t a n t i a l l y  improved s t a t i s t i c a l  and sys temat ic  e r r o r s  a t  even 
h igher  energy. New programs with t h e  15 foo t  bubble chamber a t  
Fermilab a r e  beginning now t o  produce r e s u l t s  t h a t  complement i n  an 
important way t h e  counter  programs a t  e x i s t i n g  energ ies .  A t  t h e  same 
time, s e r ious  work i s  proceeding t o  r a i s e  t h e  energy of the  FNAL 
machine. There i s  no ques t ion  t h a t  t h e  chal lenge has  been accepted. 
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