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§3. Summary of Density Comparison 

This is a prel iminary analysis of the d imuon 

and single m u o n event rates for the density 

compar ison where the emphasis has been 

placed on equal geometrical acceptance. The 

m o m e n t u m analysis of the da ta is incomplete 

a t this t ime. 

The n o n p r o m p t background is a steep 

function of the penetra t ion requirement . F o r 

the high density target the n o n p r o m p t back­

ground accounts for 3 4 % of the signal with 

the penetrat ion requirement of 1.9 m of steel 

and is consistent with no background when a 
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I wish to repor t recent results from the new 

H P W F neutr ino experiment ( E - 3 1 0 ) which now 

includes Rutgers and Ohio State University 

a m o n g the part icipat ing insti tutions. The 

plan of the ta lk is to discuss briefly new da ta 

on each of the react ions: 

ï,+N-+p++X (1) 

v&^+N^^+^+X (2) 

v&td+N-+fî*+fî*+X ( 3 ) 

v,+N^p~+p- +p+ +X ( 4 ) 

§1. p/T+N->fi++X 

A year ago the world data on the energy 

dependence of ^-dis t r ibut ion was as shown in 

Fig. 1 , which contains all da ta available in 

August , 1 9 7 7 . 

Here Bi!= — ]xFB(x)dx/F2(x)dx is the pa r am­

eter conventionally used t o describe the shape 

of ^-dis t r ibut ions. In the qua rk pa r ton mode l 

( Q P M ) with scale and charge symmetry in­

variance, which provide a good approximate 

representat ion of the data , BV=BU is related to 

the rat io of the charged current cross sections 

by 

penetra t ion of 3 . 8 m of steel is required. 

The p r o m p t rates obtained from the extrapola­

t ion to infinite target decrease with increasing 

penet ra t ion as expected. 
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GIIO:=(2-B*)I(2+B% 

and to the fractional m o m e n t u m carried by the 

an t iquarks th rough 

B*=\-2QI{Q+Q). 

The conclusion d rawn from Fig. 1 one year 

ago was tha t B * was essentially independent 

of energy with a value of abou t 0 . 8 ever the 

region from a few to 2 0 0 GeV. This con­

clusion was based largely on the published 

da ta from the C D H S group as indicated in 

Fig. 1. I t is now—one year later—clear tha t 

t ha t conclusion was wrong because the C D H S 

da ta were wrong and because new da ta are 

available from other experiments. 

The da t a at present—August , 1 9 7 8 — a r e 

shown in Fig. 2 , which includes new results 

(based on 5 2 0 0 v events) from H P W F ( E - 3 1 0 ) , 

b u t omits a few earlier results with large er ror 

bars and the incorrect C D H S results. F igure 

2 indicates a significant energy dependence of 

B": below abou t 4 0 GeV, £ * = 0 . 8 2 ± 0 . 0 5 , 

while above abou t 8 0 GeV, J B * = 0 . 6 3 ± 0 . 0 6 ; 

the detailed dependence of B Ç on Eç is, how­

ever, no t yet well delineated by the experi­

menta l data , and more precise results are need-
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F i g . 1. P l o t of Bv a g a i n s t E» i n c l u d i n g al l d a t a 

p u b l i s h e d before A u g u s t , 1977. Bv= — $xF3(x)dxl 

$F2(x)dx is t h e so le p a r a m e t e r t h a t de t e rmines t h e 

s h a p e of t h e inelast ic i ty (y-) d i s t r i bu t ions . 

Y 
Fig . 3. D i s t r i b u t i o n s in y a t smal l a n d la rge x for 

t w o different r eg ions in E». T h e fits a n d va lues of 

Bv o b t a i n e d a r e a l so s h o w n . 

F ig . 2. P lo t of B* a g a i n s t £ p a s of A u g u s t , 1978. 

T h e " o l d " C T F d a t a w i t h l a rge e r r o r b a r s a n d t h e 

C D H S d a t a s h o w n in F i g . 1 h a v e b e e n o m i t t e d h e r e . 

T h e cu rves a r e f r o m M . B a r n e t t ' s t a l k a t N e u t r i n o s -

78 , a n d t h e n u m b e r s a t t a c h e d t o t h e m a r e va lues of 

s i n 2 <p in (ub s in <p)R. 

ed in the energy region from 10 to 80 GeV. 
One likely interpretat ion of the energy de­
pendence exhibited in Fig. 2 is given by 
asymptot ic freedom correct ions to the Q P M 
in combina t ion with cha rm particle product ion . 
The curve marked Q C D in Fig. 2 is due to 
Barnet t who has also est imated the effect on 
B* of a b -qua rk of mass 5 GeV/c 2 coupled 
r ight-handedly to a u -qua rk wi th strength 

given by sin <p, as shown in the lower curves of 
Fig. 2. I t appears from Fig. 2 t ha t sin 2 <p is 
probably less t h a n 0.2, b u t this conclusion 
is subject to uncertainties in the Q C D calcula­
t ion as well as in the da ta . Nevertheless, it is 
impor tan t to a t tempt to determine the strength 
of any r ight -handed q u a r k coupling, and this 
compar i son of b -qua rk expectat ion with the 
v da ta needs to be refined in the future, at 
least unt i l we know whether sin 2 <p<sin 2 # c or 
no t . 

There is shown in Fig. 3 ^-dis tr ibut ions 
from E-310 for two energy intervals and two 
regions of the scaling variable x which indicates 
an appreciable difference of the ^-distr ibutions 
in the low-x (an t iquark dominated) and high-x 
(valence qua rk dominated) regions. The de­
tailed dependence oî {U+S)jU on x (which is 
jus t (l—B*)/(l+B*) vs x) is given in Fig. 4. 
Also shown in Fig. 4 is the best fit to the 
expression A J ( 1 — x)RJ^x, obta ined by combin­
ing the phenomenologica l forms U(x)~(l~-
xYn+a\ S(x)~(l-xYn+fi) a n d U(x) ~y/x(l — 
x ) w . The best fit yeilds ; - = 5 . 8 ± 1 . 0 , which is 
consistent with the values of a, / 3 , n and m 
derived from analysis of e-iV, JU-N and hadron-
induced di lepton produc t ion experiments (see 
the talks of Fields and Lederman at this 
Conference). 
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x<0A5 : sharp(?) 

; c>0 .15 : g radua l 

§2. p,(p,)+N^fi-+/u++X 

Opposi te sign d i m u o n p roduc t ion by neut r i ­
nos provided some of t he earliest evidence 
for cha rm. Subsequent measurements have 
s t rengthened the in terpre ta t ion t ha t mos t o p ­
posi te sign d i m u o n events arise f rom t h e 
p roduc t ion and semileptonic decay of c h a r m 
particles, and the results presented here p r o ­
vide further quant i ta t ive confirmation of t h a t 
in terpre ta t ion. 

T h e m u l t i m u o n da ta repor ted here were 
acquired at Fe rmi l ab in three runs , us ing 
quad rupo le tr iplet (QT) and sign-selected b a r e 
target beams (SSBT), wi th 400 G e V incident 
p ro tons . T h e details of the da t a sample a re 
shown in Table I. 

T h e exper imenta l dis t r ibut ions m u s t be cor­
rected for geometr ical acceptance a n d coun te r 
efficiencies, and the b a c k g r o u n d due to p ion 
and k a o n decay mus t be determined. T h e 
geometr ical acceptance was obta ined by ro ta t ­
ing observed events in the az imutha l angle in 
the p lane n o r m a l to the incident neu t r ino b e a m 
direction. Coun te r efficiencies were de te rmin­
ed from single m u o n data . W i t h a m i n i m u m 
m o m e n t u m requi rement of 5 GeV/c , there is 
a b a c k g r o u n d of approximate ly 2 5 % in t h e 
observed d i m u o n sample arising from p ion a n d 
k a o n decay. This was de termined empirically 
using the different density targets t o measure 
the d i m u o n ra te as a funct ion of h a d r o n i c 
absorp t ion length. The result was consistent 
wi th a calculat ion, accurate t o 25 %, based on 
measured spectra a n d multiplicit ies of p ions 
a n d kaons p roduced in neu t r ino in terac t ions . 
T h e corrected exper imenta l dis t r ibut ions a n d 
d i m u o n rates are compared wi th those predict­
ed by a calculat ion based on the s t andard mode l 
of cha rm. 

T a b l e I . M u l t i m u o n d a t a s a m p l e . T h e n u m b e r of d i m u o n even t s fo r Q T I I is a n e s t i m a t e b a s e d 
o n a s m a l l s a m p l e . 
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a = ( P_- P + ) / ( P _ + P + ) 

Fig . 5. E x p e r i m e n t a l d i s t r ibu t ion in t he m o m e n t u m 
a s y m m e t r y a=(p_—p+)/(p„+p+) for the Q T a n d 
S S B T (y) d i m u o n samples . T h e curves a r e o b ­
t a ined f rom a c h a r m m o d e l ca lcu la t ion . 

Figure 5 shows the distribution of the ob­
served momen tum asymmetry, a = (p^—p+)/ 
(p-+p+), for the data in the Q T and SSBT(V) 
samples of d imuon events with m u o n momenta 
above 5 GeV/c. The curves, obtained from 
a Monte Carlo calculation of charmed meson 
product ion and decay (and including TT and 
K decay), show separately the contr ibutions 
due to v and v and their sum. The v con­
taminat ion in the v sample is reduced to 4 % 
by requiring a > — 0 . 3 in the distributions 
presented below. Similarly the v contamina­
tion in the SSBT(v) data is reduced to 8 % 
by requiring a<0.3. 

Figure 6 shows the distributions of xYiB 

and yYis for v and v events. In the s tandard 
charm model neutr inos can produce a charm 
quark from interactions with bo th strange is) 

X v i s Y V | S 

Fig . 6. M e a s u r e d d i s t r ibu t ions in x V i S for (a) p a n d 
(b) v, a n d in yYis for (c) u a n d (d) v (h i s tograms) 
c o m p a r e d wi th t h e c h a r m m o d e l ca lcu la t ion . 

quarks in the sea and valence (d) quarks while 
antineutrinos produce charm essentially only 
from strange (s) ant iquarks . No te tha t the v 
dimuon sample has a lower average value of 
x v i s , as expected for product ion off sea quarks 
only, while the neutr ino sample is consistent 
with approximately equal contr ibutions from 
valuence and sea quarks assumed in the 
calculated curve. After correction for pion 
and kaon decay the average values of x v i s 

obtained from the v and v samples are (0 .11± 
0.03) and (0 .20±0.03) , respectively. 

Figure 7(a) shows the distribution of Z + = 
p+/(p++EH) for the neutr ino sample. Curves 
are shown for two assumed forms of the 
fragmentation function F(Z) for charm par­
ticle product ion. Any distribution falling 
much faster than exp (—3Z) is rejected by the 
data, which show a slight preference for a 
flat distribution or one slowly rising with Z . 
Figure 7(b) shows the measured distribution of 

6 0 « j i j i I i i i r 

2 

Z + = p + / ( p + + E H ) p ^ ( G e V / c ) 

Fig . 7. N e u t r i n o - i n d u c e d d i m u o n d is t r ibu t ions in (a) Z+ a n d (b) p± c o m p a r e d wi th 
c h a r m m o d e l p red ic t ions . O n e event is off scale in p± i n (b) . 
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E ( G e V ) 

F i g . 8. M e a s u r e d r a t i o of d i m u o n t o single m u o n 

ra tes (cor rec ted for % a n d K decays) a s a func t ion 

of energy for (a) -» a n d (b) v. T h e e r ro r s s h o w n 

a r e stat ist ical on ly . T h e curves a r e f r o m a c h a r m 

m o d e l ca l cu la t ion w i t h a 5 G e V / c m i n i m u m m u o n 

m o m e n t u m r e q u i r e m e n t (solid) a n d w i t h o u t t h a t 

r e q u i r e m e n t (dashed) , (c) T h e r a t i o [a(fx+^)l 
tf(^+)]/b(^~^+)MM~)] as a func t ion of energy. T h e 

d a s h e d curves a r e for t h e s t a n d a r d f o u r - q u a r k 

m o d e l a n d for add i t i ona l 5 G e V / c 2 b - q u a r k p r o d u c ­

t ion a n d decay. T h e solid curves inc lude es t ima ted 

a s y m p t o t i c f r eedom cor rec t ions to t h o s e a l te rna t ives . 

T h e curves a r e f r o m B a r n e t t a n d M a r t i n [Phys . 

R e v . D 1 6 (1977) 2765]. 

p± for the neutr ino sample, where pL is the 
m o m e n t u m component of the /u+ perpendicular 
to the plane formed by the incoming v and the 
outgoing The curve is obtained assuming 
D mesons are produced with a m o m e n t u m 
transverse to the W direction of the form 
diV/dj?i=const exp [ - 6 0 ? f + m | ) 1 / 2 ] . Both 
Figs. 6 and 7 show good agreement of the 
da ta with the charm model . 

The measured ratios of d imuon to single 
m u o n events, corrected for pion and kaon 
decay, are shown as functions of energy in 

Figs. 8(a) and (b) for v and y , respectively. 
The curves show the energy dependence ex­
pected from the charm calculation with and 
wi thout the 5 GeV/c min imum m u o n momen­
tum requirement. Above 80 GeV, the rat io 
of d imuon to single m u o n events is (0.65 ± 
0.13) 1Û- 2 for v and (0 .70±0.25) 10~ 2 for y , 
with the 5 GeV/c min imum m o m n t u m cut. 

The magni tude of the strange quark frac­
t ional m o m e n t u m can be extracted from the 
measured d imuon rates and da ta on single 
m u o n product ion by y and y at high energy. 
Not ing tha t the target of the experiment is 
isoscalar (U=D, where U, D are the fractional 
momen ta carried by the u, d quarks) , one 
determines the rat ios SjU and S/D indepen­
dently from the y and y d imuon da ta of Figs. 
8a and b after correcting for the min imum 
m u o n m o m e n t u m requirement. This correc­
t ion is sensitive to the Z-distr ibution assumed 
for charm product ion. W e have taken a 
flat Z-distr ibut ion consistent with Fig. 7a. If 
we use instead the rat io [a(ji+

 / O A K ^ + ) ] / 

[o(/u~ fi+)fo(ju~)] from Fig. 8c, we obtain S/D, 

independent of any correction for d imuon 
acceptance. The results are given in Table IL 
W e also include in Table II the value of D/D. 

T a b l e I F Va lues of t h e f rac t ional m o m e n t u m ca r ­

r ied b y t h e s t r a n g e q u a r k s a n d b y t h e o r d i n a r y 

a n t i q u a r k s o b t a i n e d f r o m t h e data above 80 GeV 

of t h e H P W F (310) exper imen t . 

Figure 8(c) compares the measured energy 
dependence of the rat io [a(ju+p~)/a(iu+)]/ 

[<7 ( ,u~> + ) / t f ( /^~)] with the calculated dependence 
assuming charm only, and assuming a right-
handed, full strength coupled, charge —1/3 
(b-) quark in addit ion. The latter quark , with 
a mass in the vicinity of 5 GeV/c 2 , seems to be 
ruled out by more than 4 s tandard deviations, 
bu t this conclusion is subject to uncertainities 
in the calculated large asymptot ic freedom 
correction. 

In summary, the opposite sign d imuon 
da ta presented here are consistent in all 
respects with the product ion and decay of 
charm particles, a l though a contribution from 
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other sources at the level of roughly 2 0 % 
cannot be excluded. Within experimental 
error, the strange quarks seem to carry a 
smaller fraction of the nucléon m o m e n t u m 
than the ordinary ant iquarks . Finally, there 
is no evidence in these d imuon da ta for a 
charge —1/3 qua rk of mass 5 GeV/c 2 with 
r ight-handed, full strength coupling to a u-
quark . 

§3. v ^ 0 + N ^ + / / * + X 

The nature and origin of observed like-sign 
d imuon events remain unknown. We know 
tha t much of the observed rate of like-sign 
d imuons is due to the decay in flight of pions 
and kaons from ordinary deep inelastic neutri­
no events. I t is impor tan t , however, to deter­
mine whether " p r o m p t " like-sign events exist. 
We report here on a da ta sample abou t seven 
times larger than our former sample which 
yields a relative rate N(ju~/u-)/N(/bt~that 
suggests the presence of a p r o m p t fi~ ii~ signal. 

Fo r the like-sign d imuon measurements , the 
significant aspect of the E-310 appara tus is 
tha t it consists of three target-detectors of 
different density, an i ron target (FeT), a liquid 
scintillator calorimeter (LiqC) and an iron-
plate calorimeter (FeC). The fiducial mass 
and absorpt ion lengths of these targets a re : 
FeT, 198 tons a n d 31 c m ; LiqC, 36 tons and 
120 cm; FeC, 42 tons and 61 cm. 

The relative rates R(/u~ ju~)/R(/bt~~) in each 
target are difficult to determine because of 
differences in acceptance and trigger require­
ments between d imuons and single m u o n 
events. However, the ra t io N(ju~ JU~)/N(JU~ ju+) 
was verified to be independent of these syste­
mat ic effects. The rat ios Nohs(ju~ju~)/NOHS 

(ju~ta+) p lot ted against hadronic absorpt ion 
length are shown in Figs. 9a and b for m u o n 
m o m e n t u m cuts p^>5 and 10 GeV/c, respec­
tively. To simplify the interpretat ion, the 
fraction of fT ju+ events due to p ion and kaon 
decays should be subtracted from Nohs(ju~ //+). 
This background is obtained from a calcula­
t ion which uses among other da ta m o m e n t u m 
spectra and multiplicities of charged pions 
and kaons measured in neutr ino interactions. 
The ratios A f o b V > ~ ) / ^ p r o m p V ~ ^ + ) obtained 
after this correction should then exhibit only 
the dependence on absorpt ion length of the 
observed /u~ju~ events. This is shown in 

1 0 0 I S O O 5 0 

A b s o r p t i o n L e n g t h ( c m ) 

Fig . 9. R a t i o s of t h e n u m b e r of obse rved yr 
events t o events in t h r e e ta rge t s of different 
h a d r o n i c a b s o r p t i o n l eng ths for (a) ^ > 5 G e V a n d 
(b) ^ > 10 G e V . A l s o s h o w n a r e r a t i o s of t h e 
n u m b e r of obse rved ja~fi~ events t o t h e n u m b e r 
of prompt JU~/I+ events versus h a d r o n i c a b s o r p t i o n 
l eng th for (c) pM>5 G e V a n d (d) p^> 10 G e V . T h e 
s t ra igh t l ine is a l inear fit t o t he d a t a of this ex­
pe r imen t . 

Figs. 9c and d. Linear fits to the data , with 
bo th the slope and intercept as free parameters , 
are also shown. 

We observe tha t i) the decay of pions a n d 
kaons account for a significant fraction of the 
[T fT events for the case pfl>5 GoV/c; ii) 
the fitted slope decreases by a factor of abou t 
4 as the min imum m o m e n t u m cut of the 
muons is raised from 5 to 10 GeV/c. This 
factor of 4, which results from the reduct ion 
of pion a n d kaon background as the momen­
tum cut-off is increased, is verified in ou r 
detailed calculation of p ion and kaon decay. 
No te tha t the fitted slopes empirically deter­
mine the p ion and kaon decay contr ibut ions 
to the pc' fi" events. The value of the fitted 
slope for the p(i>5 GcV/c da ta in Fig. 9c is 
( 3 . 0 ± 1 . 3 ) x 10~ 3 c m " 1 , in agreement with the 
value ( 4 . 0 ± 1 . 0 ) x 10~ 3 c m - 1 obtained from 
the calculated numbers Af d e c a y ( / /~"^~) . This 
agreement gives us confidence in using the 
decay in flight calculation to determine the 
magni tude of the p rompt tu~ signal in each 
target for the p^>\0 GeV/c data . The rat ios 
Nvvom^(ju-ju-)/N^°^\^ju+) shown in Figure 
10 are seen to be systematically non-zero and 
independent of absorpt ion length. Averaging 
over all three targets we obtain A r p r o m p t ( ^ " ~ / ^ " ' ) / 
i V p r o m p t ( ^ - ^ + ) - 0 . 1 2 ± 0 . 0 5 for / ^ > 1 0 GeV/c. 

Wha t are possible origins of p r o m p t /u~ p -
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T a b l e I I I . N u m b e r of t r i m u o n events for e a c h 

F ig . 10. N u m b e r of p r o m p t / O ' " events re la t ive t o 
the n u m b e r of p r o m p t events in each of t h e 
th ree t a rge t s for pv>10 G e V . 

events? Only p~ya+ are expected if cha rm 
particles are produced singly by neutr inos. 
Any mechanism to explain the p ~ u~ events 
tha t invokes new physics beyond charm mus t 
be measured against the following alternatives: 
(a) radiative or direct m u o n pair product ion 
in deep inelastic charged-current interactions, 
(b) associated product ion of charmed par­
ticles. However , JU~JU~ events could result 
from the mechanisms in (a) only if the ,u+ 

escapes experimental detection. Calculat ions 
for mechanisms (a) lead to R{pi~ p~)j R{p~ pt" p+) 
< 1 , contrary to the experimental observa­
t ion. Therefore, mechanism (a) is no t likely 
to be the dominan t source of like-sign d imuon 
events. Both prpc and ju~pcp^ are expected 
from associated charm product ion . The rat io 
R(p~ fTju+)/R(ju~p~) is expected to be roughly 
5 i ? ( C - > / / + v + X ) ~ 0 . 1 , which is compatible 
with our observed rat io. 

In summary, we have presented evidence for 
the possible product ion of p r o m p t like-sign 
d imuons (p~ p~) by neutr inos. The rate of 
p r o m p t pc pT events relative to the p r o m p t 
JLC~JLC+ events is measured to be 0 .06±0 .05 for 
p,>5 GeV/c, and 0 .12±0 .05 for P(i>10 GeV/ 
c. The observed propert ies of the p~/u~ 
events are similar to those of the p~p+ events 
and are therefore consistent with a hadronic 
origin. We have no evidence for p r o m p t 
ju+JLC+ events p roduced by ant ineutr inos. 

§4. p,+N-^fjt-+fi-+fjt++X 

The distr ibution of t r imuon events observed 
to date in E-310 is shown in Table III . There 
are an addi t ional 15 events with at least one 
m u o n with m o m e n t u m below 2 GeV/c. The 
two events (— + + ) are consistent with d imuon 

F i g . 12. Sca t te r p lo t of x Y i s a n d j Y i s of t h e t r i m u o n 
events . 

product ion plus p ion or k a o n decay. 
The distr ibution in EYis for these t r imuon 

events is shown in Fig. 11 where it is seen tha t 
3/4 of the events have EYis> 100 GeV, which is 
a result of the ha rd neutr ino spectra used in 
E-310. F o r brevity 's sake, we suppress other 
dynamic distr ibutions, except for x T i s and yYis 

for these events, which are shown in Fig. 12 
and look as expected for neutr ino-induced 
inelastic interactions. 
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0 5 0 1 0 0 150 2 0 0 2 5 0 

E V | S ( G e V ) 
Fig . 13. T r i m u o n r a t e s a s a func t ion of visible 

energy . T h e t r iangles a n d circles a r e f r o m H P W F 
E-310 wi th ^ > 2 G e V / c a n d ^ > 4 . 5 G e V / c , r e ­
spect ively. T h e s q u a r e s a r e C D H S d a t a w i th pp> 
4.5 G e V / c . 

The relative rates R(/LI~ ft" R(/u~) f rom 
E-310 for pft>2 GeV/c and J p / I > 4 . 5 GeV/c are 
shown as functions of energy in Fig. 13. There 
is good agreement, seen in Fig. 13, between 
the results of this experiment and those of 
the C D H S experiment. Measured mul t imuon 
rates, i.e., d imuon , t r imuon , a n d t e t r amuon 
rates, from E-310 are given in Table IV. 

We briefly summarize the conclusions relat­
ing to the t r imuon events observed in E-310 as 
follows : 

1. M o s t /u~/u~ju+ events arise from a 
current neut r ino interact ion with 

(a) direct p roduc t ion of /JT [i+ at the had ron 
vertex; 

(b) radiative p roduc t ion of ju~/i+ from the 

initial ju~(q); 
(c) possibly (10 -20)% charm-ant icharm 

product ion . 
2. N e w quark , new lepton produc t ion does 

no t exceed 10~ 5 of all ^-interactions with 
£ v ^ 1 5 0 GeV. 

3. The two "exo t i c " t r imuon events with 
very high tota l m u o n energy observed earlier 
remain valid and unexplained. We would 
have expected 2 or 3 more such events in 
E-310; only one candidate for this class was 
observed. 

The results presented here were obta ined by 
members of the E-310 col laborat ion from 
Fermilab , Harva rd , Ohio State, University of 
Pennsylvania, Rutgers , and University of 
Wisconsin. The members a re : A. Ben-
venuti*, F . Bobisut**, D . Cline, P . S. Cooper 1", 
M. G. D . G i l ch r i e se n , S. M . Heagy, R. Imlay, 
M . E. Johnson , T. Y. Ling, R. Lundy, P . 
Mcln tyre , S. Mor i , D . D . Reeder , J. A. Rich, 
R. Stefanski, and D . R. Winn . 

* N o w a t C E R N , G e n e v a , Swi tze r l and . 
** Vis i tor a t t h e Un ive r s i t y of P e n n s y l v a n i a ; pe r ­

m a n e n t a d d r e s s I s t i t u to di F i s i ca del l ' Un ive r s i t a , 
P a d o v a , I t a ly . 
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T a b l e IV . M u l t i m u o n r a t e s wi th m o m e n t u m cu ts 
given in t h e text . 


