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Abstract 

Dimuon and trimuon events have been observed i n  deep i n e l a s t i c  
muon in te rac t ion  a t  150 GeV. A preliminary ana lys i s  i s  presented. 
Taken a t  face value, the  data suggest the  exis tence of a new pa r t i -  
c l e  production mechanism. The r a t e  of dimuon production occurs a t  
0.1% o f  inc lus ive  deep i n e l a s t i c  muon sca t te r ing .  High i n e l a s t i c i t y  
trimuons occur a t  a r a t e  one order of magnitude lower. 



I .  Introduction P 
I wish t o  f i r s t  review data on two t e s t s  of scal ing i n  muon sca t -  

t e r ing  perf r ed a t  Fermilab. These data have already been published 
previously. ? ,? 

I wi l l  present new re su l t s  on mu1 timuon production by muons. The 
analysis of the data was carr ied out largely by myself i n  collaboration with 
Dr. C. Chang a t  Michigan S ta te  and w i t h  Dr.A. VanGinneken (Fermilab) whose 
contributions on n/K decay background calculat ions  were invaluable.  However 
any e r ro r s  o r  inaccuracies contained i n  the data presented here a r e  mine. 

The mu1 timuon events a r e  unlikely from T / K I S  produced i n  deep inelas- 
t i c  muon interact ions .  Because of t h e  somewhat l imited s t a t i s t i c s  of our 
sample, qua l i t a t i ve  conclusions a r e  presented a t  t h i s  time. Further analy- 
sis on dimuon and trimuon data i s  now continuing. More data a r e  expected 
i n  a Michigan State-Fermilab muon experiment current ly  i n  progress. 

During the past  year our views on scal ing i n  deep-inelas t ic  muon 
sca t te r ing  changed somewhat. We now enter ta in  the idea t h a t  a s  one reaches 
su f f i c i en t ly  high 02 and bI2, s t r i c t  Bjorken scal ing may not be val id .  In  
the  large w region, the  observed r a t e s  exceed the sca l ing  predictions (using 
SLAC s t ruc ture  function a t  low energy) by about 20%. A t  low values of w 
there  i evidence f o r  a depletion of events when the scal ing var iable  w '  is 
used. 1 3  

r 
The r i s e  a t  large w supports the idea of some new hadronic degrees of 

freedom, charm, color ,  o r  other exot ic  pa r t i c l e  production. On the other 
hand, a combination of logarithmic behavior o r  the  moments of s t ruc ture  

the data a t  t h i s  time. 
i! functions and production mechanism a t  high Q and W cannot be ruled out from 

We have seen somewhat surpri  sing1 y ,  co l l  iding beam measurements 
pointed t o  a r i s ing  ete- t o t a l  cross  sect ion,  i n  contra i c t i on  with a simple rJ parton+model. In hadron-hadron i n t e r a c t i  ns, Drell-Yan production of mas- 
s ive  e e- pairs  is  s t i l l  i n  a hazy s ta te .$  I neutrino sca t t e r ing ,  observed 
energy dependence of the scaling var iable  <y>! indicates  the breakdown of 
scal ing.  In shor t  the  va l id i ty  of Bjorken scaling beyond the SLAC region is 
s t i l l  very much i n  question. 

More recent ly ,  we plso witnessed the dramatic discoveries  of J/t& 
(and other pa r t i c l e s )  i n  e e- annihilption and hadron-hadron co l l i s ions  y 7  a s  
well a s  observation of dimuons i n  v coll isions8.  The mu1 timuon production 
data I present here should help t o  answer some questions regarding the or igin  
of possible production mechanism i n  deep i n e l a s t i c  co l l i s ions .  

11. Tests of Scalinq i n  Muon Inclusive Scattering 

Since any new production mechanisms may well be re la ted  t o  the 
P va l id i ty  of scaling i n  up sca t t e r ing ,  we f i r s t  review general features  of 

t e s t s  of scaling i n  +tp sca t te r ing .  The scaling t e s t s  a r e  performed i n  two 
ways a t  Fermilab: 
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a.  Comparison of data a t  one energy and con-figuration w i t h  
data a t  another energy and configuration. 

b. Comparison w i t h  absolute predictions given by a Monte Carlo 
calculat ions  assuming SLAC vW2. 

The apparatus was constructed t o  measure the d i r e c t  r a t i o  of 
scale- invar iant  d i f fe ren t ia l  cross sect ions  a t 1 5 0  and 56 GeV. The experimen- 
t a l l y  measured r a t i o ,  E(W, Q2), defined by 

The experimental apparatus was scaled t o  change experimental quan- 
t i t i e s  by'h = 813: Eo + hEo ( increase muon energy from 56 GeV t o  150 GeV). 
E '  -+ $E' ( increase to ta l  f i e l d  integral  by 813) and f i n a l l y  

1 
o + fi e(sca1e ta rge t  t o  spectrometer distance by a. See Figure 1 and 2. 

As a d i r ec t  r e s u l t  of these t ansformat.ons Q~ + hQ 5 2 and v + X V ,  
so t h a t  u remains unchanged. Since d oldxdy + - (d aldxdy), 
r ( ~ ~ ,  U) is  constant f o r  a l l  values of w and q2; i f  Bjorken sca l ing  were t o  

P - 
hold i n  the  high energy (Eo > 20 GeV) region. 

Figure 3 depicts - r as  a function of only W. 

I I I I 

1.4 - r=(w/w,,) 
n '  

+ 8.9 

W . - - -  
A 1.0 u C -- 
X e ....- o AII data 

W 
Fig. 3 - r(g2,w ) Plotted vs w (see Ref. 1 )  

v is defined as  Q2/214~. 



A s t a t i s t i c a l l y  favorable hypothesis is  that  r depends only on o. 
In th is  case the scale-breaking parameter b = a2an(vlrl~)/aan(o') a a n ~ z  i s  d 
nearly equal to  the exponent of the power-Taw f i t  to  - r vs o. I f  assumed to 
be OJ independent, the parameter b i s  0.098 + 0.028. I t  should be empQasized 
that  b i s  presented only as a guide to  the systematic trend of the  data. 
I t  is-not necessarily a physically significant parameter i n  deep inelast ic  
phenomena. 

. The second t e s t  of scaling compares these cross sections w i t h  
lower-energy electron-scattering values assuming the validi ty of v-e uni- 
versality. Within fixed bands of o, variations of vW2 are  evaluated over 
the ful l  ~ ~ - r a n ~ e  of the data. Thereby, w i t h  an accurate Monte-Carlo cal- 
culation of the experiment, a scaling t e s t  more precise than data/data 
method i s  possible. 

Ratios of observed to  Monte-Carlo event rates a re  shown i n  Fig. 4 
vs an g2 fo r  8 overlapping bands of o. The points show also a r is ing trend 
w ' t h  Q a t  h i g h  o, and a fal l ing trend a t  low o. F i t t i n g  a power law 3 Q -dependence i n  each band yields an overall x2 of 45.6 for 51 degrees of . 
freedom. These 8 f i t t ed  slopes a e n ( v ~ ~ ) / a a n ( q ~ )  are  plotted v s  w i n  the 
range of these data, the scale-breaking may be parameterized by a quantity 
b = a2an(~~2) /aan(w '  )aen(q2). If independent of both 92 and o, b has the - 

Rat io  of gbserved  t o  Monte-Carlo 
r a t e  vs Q f o r - 8  r a n g e r s  of  w .  
Widths of t h e s e  r anges  and para-  
mete rs  of t h e  s t r a i g h t - l i n e  f i t s  
a r e  d e t a i l e d  i n  Reference 2 .Errors  
a r s  s t a t i s t i c a l .  Note that  
<W > = Q ~ - I J J  i n  t h i s  f i g u r e .  



r magnitude (when f i t t e d  t o  Enw/wo), - b = 0.099 2 0.018, w0 = 6.1 (+3.9/-2.4). 

The observed scale-noninvar iance i s  i n s e n s i t i v e  t o  t h e  assumed form 
o f  vW2, because t h e  data a r e  analyzed w i t h i n  bands o f  w. The Q2-dependence 
o f  vW2 f o r  LO 5 6 i s  coupled t o  t h e  assumed form o f  i t s  approach t o  asymptot ic  
behavior.  Use o f  w as a s c a l i n g  v a r i a b l e  increases t h e  scale-noninvar iance 
i n  t h i s  range F igu re  5) w h i l e  use o f  ( w  + 1 .4/q2) l a r g e l y  cance ls  it. Con- 
verse ly ,  t h e  Qi-dependence o f  vbJ2 f o r  u 6 i s  i n c o n s i s t e n t  w i t h  s c a l i n g  i n  
any v a r i a b l e  n o t  w i l d l y  d i f f e r e n t  f rom w, s i n c e  vW2 i s  n e a r l y  independent of 
w i n  t h i s  range. V a r i a t i o n  o f  R between - a t  q2 = 1 and 0 a t  Q2 = 5 ( G ~ v / c ) '  
can account f o r  o n l y  1/4 o f  t h e  scale-noninvar iance a t  u 25. 

Fig. 5. 

N 
0 - 

Fit l o b  in[w/w,) - 
b=0.099' 0.018 - 

_C-- - -________ 

1 2  5 10 20 50 . 
W 

2 
(a) slbpes In h ( Q  I fo r  the 8 u ranges. E r r o r s  a r e  statistical. Dashed l ines  
depict effects  of 11) raising E' by 1% at 150 GeV. (2 )  same a t  56 GeV. (3 )  rais ing 
$50 GeV c r o s s  sections by 7%. Assuming scaling in  o rather  than u' in the 
Monte-Carlo yields the points indicated by "X". 
. .. 2 
(b) VW (0. Q =3) per  nucleon used in the Monte Carlo. with scaling in  us and  it? The dashed line i s  the alternate form described in the text. 

I n  conc lus ion  t h e  emp i r i ca l  f i t  o f  ou r  data i s  

where 



A qualitative behavior9 of vW2 i s  shown i n  Figure 6. 

We have also examined the scale-breaking effectsl0using variables 
q2 and W .  This i s  shown in Figure 7. For detai ls  concerning the curves show J 
i n  the figure, one should consult Reference 10. 

x ' 
2 

Fig. 6 Crude behavior of vWZ (w!) at high Q . 

Figure  7 Data/Monte Car lo  
(assuming s c a l i n g  i n  o' ) vs q 2  
f o r  s i x  w 2  b i n s .  (See Ref. 10) 
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111. Dimuon Events 

1. We now d iscuss  da ta  events c o n t a i n i n g  an  e x t r a  muon i n '  t h e  f i n a l  
s t a t e  i n  a d d i t i o n  t o  the  sca t te red  muon. T h i s  sea rchwas  mot iva ted  by t h e  
apparent excess o f  events a t  l a r g e  W .  I n  F igu re  8 we show t h e  res idu6  W 
d i s t r i b u t i o n  o f  events a f t e r  s u b t r a c t i o n  from t h e  number p r e d i c t e d  us ing  t h e  
SLAC ( s c a l i n g )  s t r u c t u r e  func t i on .  The d i s t r i b u t i o n  shows a  provocat ive  i f  
n o t  conc lus ive  evidence i n  f avo r  o f  a  th resho ld  e f f e c t .  The s o l i d  curve i s  
drawn t o  au ide  the  eye. I t  should be noted t h a t  thc  d i s t r i h t i o n  shown here 
i s  q u i t e  s e n s i t < v e  t o  t h e  no rma l i za t i on  o f  t h e  da ta  and apparatus acc.eptance 
a t  smal l  va lue  o f  v. 

F igu re  8. Number o f  events a f t e r  
s u b t r a c t i o n  f rom t h e  number p r e d i c t e d  
us ing  SLAC s t r u c t u r e  f u n c t i o n  i s  p l o t -  
t e d  vs W .  The maximum W i s  l i m i t e d  by 

v ( = E - E ' ~ ~ ~ ) .  Note t h a t  t h i s  
d i s t r f f l f i t i o n  i s  ve ry  s e n s i t i v e  t o  t h e  
n o r m a l i z a t i o n  o f  t h e  data. 

C h a r a c t e r i s t i c s  o f  38 mult imuon events a r e  presented. Taken a t  f a c e  
value, t h e  da ta  imp ly  t h e  ex is tence o f  a  new p a r t i c l e  p roduc t i on  mechanism 
i n  muon s c a t t e r i n g .  

The processes g i v i n g  r i s e  t o  an e x t r a  muon i n  t h e  f i n a l  s t a t e  

+ + ,, t N + + ,J- + hadrons ( 1  1 

+ p+ + ,,+ + hadrons 

- + N + p- + ,,+ + hadrons (2) 

-+ v- + p- + hadrons 



have been observed a t  the ra te  about 10-' per deep inelas t ic  muon scattering 4 
event (E' > 17 GeV and e > 13 mrad.). 

Eleven events with three muons inthe final s ta te ,  
+ + + 

P + N + P + 11 + U- + badrons (3) 
- - + u + N + p- + p + u + hadrons (4) 

have also been observed a t  the ra te  exceeding per deep inelast ic  muon 
scattering event defined above. 

The muon beam was derived from a simple quadrupole t r i p l e t  trainload 
tuned for  150 GeV charged hadrons. The primary proton energy for this expe- 
riment was 300 GeV. The trigger requirement fo r  a l l  multimuon events was a 
single scattered (or produced) muon penetrating the entire apparatus w i t h  an 
energy E v a >  17 GeV. Single p triggers are  desirable as i t  introduced no 
biases in searching for  the extra muon candidates. The apparatus is the 
same as the one used to study the validi ty of scaling. The apparatus has a 
region of zero magnetic f i e ld  ( r  < 6") about the beam axis. Two 12'' diameter 
beam veto counters reject  any charged particles that  enter dh'inactive region 
defined by the third toroid magnet. The geometry of the apparatus is such that  
the extra muon can enter the region prior t o  the veto counters and be momemtum ana- 
lyzed. We have found that  substantial number of multimuon events are t r i g -  
gered by the produced muon a t  sufficiently large angles (-60%), rather by 
the scattered muon. T h i s  distinction i s  important since events triggered J' 
by the scattered muon should be used to  determine the ~ ( p  -+ ~ p ) / o ( ~  -> U) ra te  
i n  order t o  avoid complications caused by uncertainty associated w i t h  the 
acceptance fo r  the produced muon. We note that  inclusion of multimuon events 
which are triggered by the produced muon introduces a sizable distortion i n  
the kinematical distributions presented here. Nevertheless, the s t a t i s t i c s  
of our sample is  s t i l l  somewhat limited t o  warrant a careful segregation a t  
th i s  time except for branching ra t io  calculations. Although event finding pro- 
gram would have imposed a cut a t  E; > 17 GeV, multiple scattering mpde the cut a t  
%12 GeV.Multimuon events were searched for  i n  data runs with both u and v- 
beams t o  permit a study of the charge asymmetry of production process. 

A candidate is  considered an event by the scanning and measuring 
c r i t e r ia :  

1) Triggering muon (not necessarily the leading muon) m u s t  penetrate 
a1 1 magnets and we1 1 behaved traversing through the f ie ld  region. 

2) All muon trajectories (scattered and produced muons) must extra- 
polate to the beam line to  within A s 2 cm. 

3) Triggering muon (not necessarily the leading muon) and the accom- 
panying muon(s) can be momentum analyzed. by a t  l eas t  one magnet, 

4) Observed correct timing and hodoscope information for  a l l  f inal  
s t a t e  muons. 4 
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Figure 9. Typical dimuon event 
uN->uuX. The target  i s  72" iron 
in length. The vertical l ines 
above the target  represents the 
cascade shower t h a t  accompany the 
interactiog. The  chambers cover 
an area 72 x 72 . The areas 
indicated by "B" are  regions of 
magnetic field-defined by the three 
toroidal magnets shown i n  Figure 
2. A 6"-radius veto counter i s  
located a t  the third magnet to 
reject  small angle (thus low PT) 
events and noninteracting beam 
muons. 
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Figure 11. Extrapolated vertex posi- 
tion from muon beam axis .  The resolu- 
tion of measurement is shown i n  circle.  



9 In this exposure, 8.8 x 10 muons were allowed to traverse a 72" Fe J 
target at 150 GeV. The following table summarizes the result of the event 
finding analysis: 

Total accepted single muon events (with E '  > 17) 25,560 1 I 
Good pairs found after scanning and measurement I (See Table I) 
Good trimuons found after scanning and measurement ll* 1 I (See Table 11) I ! 

*(three 3!.f events have ambiguity in one of the muon momenta) 

2. Charge Asymmetry in Multimuon Production 
- +  + -  + +  - -  

LI LI , LI , LI , LI P and LIP P events found are classified as 
"opposite-sign-pairs" (OSP), "same-sign-pairs" (SSP), and 'trimuons" (TM), 
respectively as shown below. The first muon denotes the scattered muon. 

+ p Incident Number of Events 

OSP 
+ + -  
P + v  LI 10 

ul, 

SSP 
+ + +  

LI +LIP 5 
I 

ITM 
+ + + -  
P *LIPLI 4 I I 

I 

I 4- + + +  + - -  
LI + L I  LI LI , LI LI LI (wrong sign) o 

I 
p- Incident Number of Events 

lOSP P - -'PP + - 5 
 SSP - - - 

LI *PLI 7 

I 
I - ITM - - +  

LI + l J  PLI 7 
! - - - -  - + + (wrong sign) 
! LI +PLILI,lJL'k' 0 

+ 
The charge asy~metry, A, after combining both !J and v- data, is 

consistent with unity. 
No. of same sign pairs - - - l2 = 0.80 ' 0.38 No. of opposite sign pairs 15 

For 311 events the fraction of wrong signature events to correct sign events, 4 
f, is 



No. of wrong sign TM's - O . - 0.0 2 0.1 = No. of cor rec t  sign TM's 11 

Within s t a t i s t i c s ,  no charge asymmetry i n  events is  observed. 
For 3~ events we observed no wrong-sign events.  

3. Energy Dis t r ibut ion of Extra Muons ( zu )  

Opposite-sign dimuons (OSP) can be used to  study the  leading par- 
t i c l e  e f f ec t .  Since the  charge of t he  scat tered muon can be uniquely 
determined, we can measure the  energy d i s t r i bu t ions  of the  produced muon, 
p2 (pl  i s  the  scat tered muon rnomentun~). Figure 12 shows t h a t  pl p2,  sug- 
gesting a leading p a r t i c l e  e f f ec t .  This fea ture  helps us t o  i d e n t ~ f y  pl 
and p2 i n  SSP 2u events, i n  which both muons have t he  same s ign.  We f ind 
<p1>/<p2> = 2.77. 

Figure 12. PI vs, P f o r  OSP1s 
? and SSP'S: . F o r  OSP s ,  P i c  the  

muon having the same  siga as  the 
incoming muon. For SSP'S, P, 
denotes t he  " f a s t "  muon. 

4. Q2, X ,  W and Mpp ( 2 ~ )  
2 .  Figure 13  shows the  Q d i s t r i bu t ion  f o r  the  OSP1s. Figure 14 shows 

x d i s t r i bu t ion  for  15 OSP's .  \Ie note t h a t  the  average i s  <x>=0.05. I t  i s  em- 
phasized here t h a t  t h i s  i s  i n  the same region where some sca l ing  viola t ions  
a r e  found. 



Figure 14. x d i s t r i b u t i o n  f o r  OSP's. Figure 13. Q 2 d i s t r i b u t i o n  f o r  OSP's 
are not  p l o t t e d  s ince the  f i n i t e  s ta te  
muon have same sign, 

20 ? 10 20 30 40 50 

The energy t ransfer t o  the v i r t u a l  photon-nucleon system, Y = u/E, 
i s  shown i n  Figure 15. We o b s e r ~ e  a  threshold a t  Y = 0.3. To be t te r  under- 4 
stand the 2~ sample, we p l o t t e d  W vs q2 i n  Figure 16. We observe an apparent 
lower threshold a t  W 8-9 GeV. The upper c u t - o f f  i n  t he  W d i s t r i b u t i o n  i s  
d ic ta ted  by the maximum energy t rans fe r  vm = 140 GeV. The W d i s t r i b u t i o n  . 
f o r  s i ng le  events i s  a lso shown i n  Figure 78. 
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DIMUONS 

10% EXCESS IN 
lp EVENT OVER 
SLAC vW2 

Figure 16. W vs Q~ f o r  a l l  2p 
events. The projected d i s t r i b u t i o n s  
are shown. 

I f  the muon pa i rs  are d i r e c t  decays o f  a massive object, then 
i42uu = (p, + p2)2, the i nva r i an t  mass squared should show a peak. This i s  
not  seen i n  Figure 17. T h m a s s  reso lu t ion  i s  estimated t o  be 20%. 
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2 - + - tween two opposite 
s i gn  muons i n  OSP's.  
No peaks a r c  seen. 

0 I I 

I I 1 I I I 

OSP ONLY - - 

P @ HADRONS p+:w 
S S 

P 



5. PT of the Extra Muon 

In muon scattering, the virtual photon defines the direction 
from which transverse momenta of produced muons are  measured. In v scat- 
tering, on the other hand, a lack of information on the incident energy often 
prevents a good measure of direction of the hadron je t .  

Figure 18 shows the uncorrected (PT)2  measured from the 
virtual photon direction vs E2 for  27 dimuons. 

For decays of ~ ' s  or K's, one expects a distribution e - 6 P ~  around the 
direction of virtual photon. The observed PT distribution is considerably 
f l a t t e r .  The acceptance a t  low PT region i s  suppressed due to the f i n i t e  
size muon beam, inner aperture of the toroidal magnets, and the inner 
opening of the t r i g g ~ r  hodoscopes. For events w i t h  PT < 0.5 GeV/c, the 
acceptance is  estimated to be 5 10%. Since the acceptance is dependent 
on the production mechanism, work is  needed t o  obtain a corrected spec- 
trum. We note, however, that  this suppression a t  low PT conveniently 
reduces possible n/K decay backgrounds since PT(" + pd 1s - < 0.35 GeVIc. 

Figure 18. Energy of the extra muon. 
The E cut is determined by the re- 
quiregent that  a l l  muon t o  traverse 
through the ent i re  toriodal magnets. 
'(P ) is measured from the virtual 
p h 8 t g n  direction. The effective C u t  
on E2 i s  * 12 GeV. 



6. Angular Distributions for e and A$ . 
UP 

The opening angle between dimuons is of in teres t  s i n c e ' i t  permits 
an estimate of possible contaminations due to  purely electromagnetic pro- 
cesses. For QED t r idents,  for example, oVp should peak a t  small angle,s. 
This i s  not favored since, as shown in Figure 19 ,  <o> i s  83 mrad. The 
apparent difference in the oUp distrihution between OSP's and SSP i s  due 
to  focussing (defocussing) properties of the muon spectroin~ter fo r  p+ and 
!J-. 

The azimuthal angles between the dimuons, 6012, are shown in 
Figure 20. No coplaner events are found, suggesting that  dimuon events 
are not due to 2-body decays of resonant particles. 

DIMUONS 

Figure 19. Opening angle distributions 
between dimuons in the f inal  s ta te .  The 
apparent s h i f t  is due t o  the opposite 
s i g n  of one of the dimuons (see text ) .  

I 100 2 0 0  

DIMUONS 
10 

SSP 

Figure 20. Azimuthal angle distributions 
between dimuons i n  the f inal  s ta te .  



7. Summary of Dimuon Charac te r i s t ics  

The main fea tures  of our dimuon events pr ior  t o  e f f ic iency  o r  3 
acceptance correct ions  are:  

i )  Leading p a r t i c l e  e f f e c t s  f o r  opposite sign pa i r s ,  i.e. 
P1 ' P2. 

i i )  No measureable charge asymmetry between OSP's and SSP'S. 

i i i )  Apparent cutoff of 9 GeV i n  t he  missing mass H. 

-1. 8PT1 iv )  "Flat"  PT d i s t r ibu t ion  up t o  2.4 GeV/c (dN w 
, 

ZT 
v) No v i s i b l e  peak i n  apparent E4,,; mass. 

2 v i )  Generally large Q and l a rge  w ( ~ 1 0 )  and xc 0.10. This 
region of x coincides with where excess eveKts were found 
i n  s ing le  muon x d i s t r i bu t ions .  

v i i )  High v i s i b l e  hadron i n e l a s t i c i t y .  

v i i i )  No anomaly i n  e and a C$ dis t r ibu t ions .  v!J 



. . 
the leading particle  triggered 

+ Length of observed showers in units of 4" Fe. 



IV. Backgrounds 3' 

We shall f i r s t  discuss the background due to  n/K decays and s imu-  
lated t r ident  events. In a l a t e r  section other and more interesting ori-  
gins will be discussed. 

1 Pion and Kaon Decays 

One of the most uninteresting origins of the observed extra muons 
is the decays of pions and kaons produced i n  deep inelast ic  collisions. 
Generally speaking n/K decays are  characterized by: 

1 )  low ( P T ) ~  and E2 owing t o  low mass of n and K's. Since 
our apparatus has low acceptances a t  low values of ( P T ) ~  
and P2, most of n and K decays are  already rejected. 

2) no charge asymmetry in the +/K decays since bo th  positive 
and negative particles are  produced. 

To, estimate the level of 2p ~ p d  3p backgrounds from T/K decays, 
we used the measured pion production cross sections a t  150 Gev: 

d 2 % 
2 

= k cxp ( -3 .25~ ' )  exp {-b(pT2 + M ) , O<x'<l (5) 
d x ' F d ~  T 4 

and 
d 2cs = k exp ( - 6 . 0 ~ ' )  exp {-b(~: + M~)'),  -l<x8<O 
dx ' F ~ P T  

(6) 

Other values of b ( 3 )  and M (z0.8) have been tr ied.  The T/K 
background i s  not sensitive to the choice around the measured values. 

The observed hadron multiplicity in electro-pro'duction of pions 
is assumed to  be' 

2 <n> = 0.18 + 0.75 log S - 0.075 log Q , ( ~ ~ > 1 ) .  (7) 
K 

For kaon production we assume = 0.1. In calculating the muon yields 
from T and K-decay we allowed the incoming muon to  interact uniformly i n  
the 72" Fe target  and n/K produced i n  the primary collision i n  t u r n  inter- 
act  making more (a t  lower hadron energy) secondary hadrons. This cascade 
process continues until the ful l  shower i s  propagated through the entire 
target-toroid magnet detection system. The total integrated spectrum t h u s  
takes ful ly  into account the development of hadron cascade and includes 
decay processes throughout the apparatus- We summarize the resul ts  of the 
n/K calculation i n  Figure 21, along with the observed integrated E2 spectrum 
for 2 11 events. 

The transverse momentum distribution of n/K decays is shown i n  
Figure 22. We are able to  account for events with (PT)2<0.5(~e~/c)as  due 4 
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8.8~10' MUONS - 

Figure 21. The dimuon events with 
- extra muon energy E > E , in muon 
- interactions. ~ x ~ e g t e d  humber of 

p ' s  arising from m or  K-decay in 
hadron cascade is shown in solid 
curve. The low energy cut i s  due 
to  the requirement that  a l l  muons 
must penetrate the ent i re  spectro- 
meter. 
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2p EVENTS PY DISTRIBUTION m 
Figure 22. Transverse momentum dis- 
tributions fo r  the extra muon in the 
dimuon sample. The distribution ex- 
pected from II  and K-decays are shown 
i n  solid curve. 



to T/K decays. The maximum level of contamination from IT/K decays is 
estimated to  be ~ 2 0 %  of the entire 2 p sample, prior to  a (p  ) cut.  

J 
T 2 

2. QED Backgrounds i n  Dimuon Sample 

We examined i n  some detail  the kinematical properties of QED t r i -  . 
dents. If  one of the muons i n  a QED t r ident  should have an energy less  than 
a few GeV, the event may fake a dimuon event when the low energy muon stops 
in the target.  Tridents with muons emitted i n  the forward direction will 
be vetoed i f  (3 < Ocut (6  mrad) defined by the beam veto counter. v 

Monte Carlo t r ident  events were generated accordin to  the Bethe- 
19 Heither t r ident  cross section defined by Brodsky and Ting , fo r  150 GeV 

muons on an iron target.  The e l a s t i c  form factor fo r  an iron nucleus was 
taken as 

where b = 24 fm. c = 1.07 x ~ " ~ f m .  Events with a mLion of E > 5 GeV and 
(3 < 0 were rejected. Muons w i t h  E < 10 GeV were considered undetected. u cut 
 he probability that  t h i s  could happen as a function of eCut is  shown i n  the 
following. - Probabi: i ty  (%) 

+ 3%) -1 (- 

4 3.4 J 
O u r  studies show that  less than 3% ' of a l l  t r idents  will have a low 

energy muon stoppable by the target  or by other parts of the apparatus. The 
remaining 97% of tr idents are  detected with reasonable efficiency. This en- 
dorses our belief that  the dimuon sample cannot a l l  be of QED'in origin unless 
the ra t io  of detection efficiencies for  t r idents is only 1.4% of that  for  di- 
muons. T h i s  is highly unlikely as  extra muon detection efficiency is of the 
order 50% or more based on Monte-Carlo calculations. 

We have not investigated i n  sufficient detail  contributions from i n -  
e las t i c  QED t r ident  events. However, much of the same argument s t i l l  applies 
here. Finally, a possibility exis ts  that  the third muon of a t r ident  event 
may enter the "dead" region i n  the center of the muon spectrometer. Since 
beam veto counters (12" i n  radius) were included i n  our tr igger,  events of 
this k i n d  would have been vetoed w i t h  h i g h  efficiency. In addition, the 
spark chamber would also have observed much of the third muon tracks should 
the muon escape detection caused by inefficiencies of the veto counters. 

Genuine dimuon event losses caused by the beam veto counter can be 
crudely estimated by examining the opening angle distribution of the observed 
dimuons. <s > i s  c 85 mrad. We estimated a maximum loss event of 20%. 

vv 
J 



V.  Trimuons 

The observation of 11 trimuon events (Table 11) may well be of some 
significance.  The information content in each of these events i s  quite 
large due t o  the large number of f i n a l  s t a t e  muons. The interpreta t ion of 
these events i s  a l so  necessarily more complex than 2 p events. 

+ + First of a l l ,  no events of t he  type (qeadina  II II ) o r  [pleadina V-II-) 

have been observed out of 11 events. This i s  a strong experimental eviience 
against  the prospect t ha t  extra muons are  r e s u l t s  of l a rge  mul t ip l ic i ty  
events in  which many 'like-charge ordinary hadrons a r e  produced and decay 
subsequently. 

1.  Ine l a s t i c i t y  parameter, 
For multimuon event, we define a i n e l a s t i c i t y  parameter, q, by 

- 
"2U 

- E, - E, -A 
u f o r  2p events 

Eo 

E E: - E, - 
"3U = 

+- , 7_ E3 f o r  3p events 
c 

dY The i n e l a s t i c i t y  d i s t r ibu t ion  & f o r  3p 's  a r e  shown i n  Figure 23a., 

r This i s  t o  oe compared w i t h  i n e l a s t i c i t y  d i s t r ibu t ions  f o r  2N's. (Fig.23b.l Tke 
dis t r ibu t ions  are  d i f fe ren t .  

Figure 23a. I n e l a s t i c i t y  d i s t r ibu t ion  f o r  
Z 6  3~ events. Resolution on rl i s  determined z 4  by the  f i n i t e  momentum resolution of t he  
i52 spectrometer. Note t h a t  only 3 events 

0 
a r e  outside 2~s from zero. The two ambi- 
guous 3p events a r e  not plotted.  

(U = 0.0581 OIMUONS 

2 4 Figure 23b. I n e l a s t i c i t y  d i s t r ibu t ions  
f o r  2~ events. Note t h a t  f o r  a l l  2lJ 
events, II - > 0,2 corresponsing t o  30 from 

O -0.4 -0.2 o 0.2 0.4 0.6 0.8 1.0 zero, 





2 2. Q , W ,  x ,  and y d i s t r ibu t ions .  - 
P 

Six 311 events do not have the same i n e l a s t i c i t y  as 211 events. Three 
3,1 events (%30% of observed sample) and 2p events have q>0.2. The na t i r e  of 
the  qu ie t  events a r e  not f u l l y  understood a t  this time. The same conclusion 
can be seen in  the  vs W d i s t r ibu t ion .  Figure 24 shows 85% of ZP events 
a r e  found i n  t he  region W > 8-9 GeV. Most qu ie t  3p events l i e  outside t h i s  
boundary. Thus the qrigi,n of these qu ie t  events c ~ u l d  concei.vably he very 
d i f f e ren t  from the la rge  i n e l a s t i c i t y  events. 

EVENTS/BIN TRIMUONS 
20 

10 85% of 2p 

(GeV) 0 0 
FOUND IN HERE 

5 Figure 24, W vs Q 2 f o r  3p events. 

Note t h a t  a large f r ac t ion  of the  
0 0 10 20 X) 40 

3~ events l i e  outs ide t h e  boundary 
P Q'(G~v'/G') 

where 2p events a r e  found. 

t' 
10 20 50 40 

P 

We show i n  Figure 25 and 26 x and y d i s t r ibu t ions  f o r  3~ events. In a l l  of these 
d i s t r ibu t ions  we make the assumption t h a t  the leading p a r t i c l e  i s  the  muon having 
the same sign as  t h e  incoming muon and having the most energy. (See Table 11) 
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F igure  25. x d i s t r i b u t i o n  f o r  3p Figure 26. Y d i s t r i b u t i o n  f o r  3p 
events .  events .  

3. M23 and M13 d i s t r i b u t i o n s .  

The mass s p e c t r a  f o r  M13 and MZ3 [Figure 27 a )  and b)] show no evidence 
o f  production of J, o r  o t h e r  heavy p a r t i c l e s  with masses g r e a t e r  than  3 GeV. 

TRIMUONS 

s 
TRIMUONS 

I 

I I I I I I I I I 

Figure 27a. Mass MZ3 d i s t r i b u t i o n .  Figure 27b. Apparent mass MIS d i s t r i b u t d .  



5. Angular and Azimuthal Distributions of 3u events. 

The t r i g g e r  f o r  the  experiment i s  a  penetrating muon a t  E > 17 Gev 
U 

and o l a rge r  than t h a t  subtended by the  t r i gge r  hodo-scopes. I t  i s  possible 
U 

t o  accept events t r iggered by the  non-leading muons. The probabil i ty is la rger  
f o r  3p's  than 2 ~ ' s  s ince there  a re  two extra  muons avai lable  t o  t r igger  the  
apparatus. 

Without a  production mechanism, t h i s  e f f e c t  cannot be studied i n  
de t a i l .  Experimentally, i f  we def ine  the  leading p a r t i c l e  t o  be the  more 
energet ic  l ike-s ign muon(s) i n  3~ events,  we f ind  i n  Figure 29 t ha t  
e ( 3 ~ )  > e (2~). This i s  a  re f lec t ion  t h a t  l a rge r  f rac t ion  of 3p events are those 
t$iggere!l by the  "extra" muon instead by the  leading muon There w i l l  be 2 a  l a rge r  number of leading muons t o  go forward a t  lower Q . 

As expected, no par t icu la r  cor re la t ions  between o2 and o3 was foundl(Fig. 30) 

In a d d i t i ~ n , B ~ . ~  .d is t r ibut ion appears f l a t ,  a s  shown i n  Figure 29 a) and bl . Fig. 

31 a ) ,  b ) ,  c) ,  and d) a l so  show other combinations of azimuthal and production 
angles of the f i na l  s t a t e  muons. 

TRlMUONS 

i r e  a .  Q2 v 0 . ; -   loo^/ 100 1 

9 2  ing f o r  2~ events. - D 
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100 f o r  3$'$vents. Figure 30. Q vs O f o r  3p 
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Figure 31a. A$ 12,13 for 3p events 
Shaded region corresponds to 

3 

Figure 31b. A$ 23 for 3p events. 

I 
! Figure 31c. 812,13 for 3p events 
I 
! Shaded region corresponds.to 

@13- 

Figure 31d. OZ3 for 3~ events 



4' E2,3 V s  ( P T l 2  3 
Figure 28 shows the E2,3 vs (PT)p,3 distributions, 

we combined the data for E7 and E? as El i s  identifiable from the i r  more ener- - 
getic penetrations. We estimate n and K backgrounds which give r i s e  to  two 
extra muons with E > 5 GeV to be negligible ( 4 . 1 % ) .  

233 
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Figure 28. E2,3 vs (PT)2,3 for 3,, 
events. OST is the muon with opposite 
sign to the leading muon and SST i s  the 
muon with the same s i g n  a s  the leading 
muon. There is no observable difference 
between OSTts and SSThs, 
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7. Summary of Trimuon (3p)  Event C'raracteristics - 
J 

The following characteristics are  observed i n  t h e  311 data! , 

1) All 3p events show opposite signative between u2 and u3. 

2) No apparent peaks i n  M for  a l l  opposite charge combi- 
nations M13, M Z j .  

3) No events seen a t  J, o r  E mass. 

4)  There may be two classes of 3p events: 

a )  quite 3p events, < 0.2. 

b) inelas t ic  events, ri > 0.2. 

2 5) Distributions in x ,  Y ,  W and Q fo r  the "inelastic" 311 
events agree reasonably well with 2p events. 

2 6) Distributions i n  x ,  Y ,  W and Q fo r  "elast ic" 3~ events 
seem different from those of 2p events. 

7) No coplanar events have been seen between u2 and u3. 

VI. Possible Mechanisms 

The sources of 2p and 3p events in deep inelas t ic  muon scattering 
could conceivably come from tota l ly  new and unsuspected physics. The 
s t a t i s t i c  of 2 p  events is  currently a t  the level of dimuons observed i n  
neutrino interactionsi The 3p events, however, have not yet  been observed 
i n  ei ther  neutrino, e e- or hadronic interactions ei ther  a t  Fermilab or 
ISR. The unique advantage in p interaction is the precise knowledge of 
the virtual photon energy and Q~ that  lead to  a multilepton f inal  s ta te .  
A large source of speculations can t h u s  be eliminated. Another advantage 
i s  the precision w i t h  which one could determine the direction of photon. 
T h i s  helps enormously a s  i t  defines (PT)2 of the extra muon. Even so, 
the analysis of multimuon events is necessarily complex due t o  the inhe- 
rently large number of possibi l i t ies:  

I .  Production of a virtual photon continuum i n  electro-magnetic 
interactions. 

+ 
11. Weak decays of new resonant s ta tes  including kl-, Z0 formed by 

weak interaction of the incoming p's. 

111. - Weak or semileptonic weak decays of hadronic s ta tes  (n, K, D, 
D, F, . . .) formed by electromagnetic hadronic interaction of 
the virtual photon. J 



IV. Electromagnetic decays of resonant hadronic s t a t e s  (no, ?, 
a ,  w ,  J l q  ,q' , . . .) formed by electromagnetic o r  s t rong ~ n t e r -  
action of the  vir tual  photon. 

V .  Production and decay of heavy leptons i n  electromagnetic 
in te rac t ions .  

I t  i s  much too ear ly  t o  pin point exactly the nature of t h e  pro- 
duction mechanism due t o  the limited s t a t i s t i c s .  A few obvious cases 
can be ea s i ly  ruled out a t  t h i s  time from the observed cha rac t e r i s t i c s  
of multimuon events. Table 111 shows average quant i t i es  of t h e  311, 211, and 
111 event. 

1.  Heavy Leptons 

Heayy leptons can be produced i n  ,, co l l i s ion  through a Bethe-Heitler 
mechanism. I t  i s  unlikely t h a t  the  2,, sample could be due t o  the  produc- 
t ion of heavy leptons i n  the  same sense t h a t  QED t r i den t  cannot fake 2,, 
events ea s i ly .  However, fo r  the qu ie t  3,, events,  these p o s s i b i l i t i e s  
cannot be ruled out. Trimuon events tend t o  have "larger" PT than those 
expected from QED t r i den t s .  No firm conclusion can be drawn from the 
avai lable  data o r  calculations on heavy lepton production. Further stu- 
d ies  along t h i s  l i n e  a r e  continuing. 

+ 
Figure 32. Mechanisms f o r  M-, MO production i n  muon in te rac t ions  

Neutral heavy lepton of the  gauge theory variety is not favored i,n 
our data s ince the production occurs a t  the leading muon vertex. T h i s  
necessari ly contradicts  the  - observed x, W and Y dis t r ibu t ions .  +Also, cross  
sect ion calculat ions  f M0 production ( , , p +  p + w0 + X; mo ii", p p ) tends 
t o  be lpy ( cs ~2 x 10-Sy cm2 a t  = 5 GeV) t o  account f o r  a l l  of the 2p 
sample. In the future  i t  would be o i n t e r e s t  to  examine what considera- 
t ions  s imi la r  t o  Pa is l re iman re la t ionf5  can be applied t o  muon interact ions .  

- 
Figure 33. If production a t  the muon vertex 





2. Weak Bosons 

The weak decay of resonant s t  es u', ZO, B O ,  e t c . ,  formed i n  a 
weak process a r e  unlikely mechanismsYd for  the observed 2u and 3u events. 
Character is t ics  of our data do not favor these p o s s i b i l i t i e s .  We a l so  note 
t h a t  recent theoret ical  development of unified theories  of the weak and 
electroma ne t i c  interact ions  a l so  suggest masses of M +, M . = order of 
100 GeV/c$, a s e n s i t i v i t y  no current experiments a t  ~g rmi lgb  can hope t o  
achieve. 

+ 
Character is t ics  of W - ,  2". ... productions are:  

1.  Process should be e l a s t i c  

M~ 2. (PT)2 should be la rge  up t o  PT .I. 

2 3.  Cross section % cm . 
4. . Should show no leading pa r t i c l e  e f f ec t .  

Thesecharacter is t ics  a r e  not found in  the  da ta .  

+ o .  
Figure 34. Production of weak bonsons W,Z i n  nluon interact ions .  

3. Electromagnetic Mechanisms (QEDL 

One would expect electromagnetic process t o  have some r o l e  i n  the 
production of leptons i n  v i r tua l  photon interact ions  with matter. The 
most prominent procesT5s a r e  coherent o r  incoherent production of elec- 
tromagnetic t r i den t s .  Fortunately, the  detection apparatus has a 
bu i l t - in  suppression against  these processes which occurs mostly a t  low 

P 4-momentum t ransfers  of the v i r tua l  photon o r  muon propagators. Figure 



35 shows possible processes i n  t r i d e n t  production. As we discussed pre- 
viously, t o  be observed as  2p events,  one of t he  t r i d e n t  muons must escape - 
detection e i t h e r  due t o  a low energy cut-off o r  geometrical inef f ic ienc ies .  
This occurs a t  a low probabili ty.  For 3]1 events, the  geometi-ic detection 4 
of a l l  3 ~ ' s  is  good, although kinematic suppression i s  enormous.. The cohe- 
ren t  production goes as 

2 Only t r i d e n t s  w i t h  a l l  propagators near My a re  produced with appreciable 
cross  sect ion.  Our apparatus has exceedingly sma 1 acceptances for  propa- 

sect ion of 1 ,,b i n  an iron nucleus. 
A gator masses < 1 GeV. The suppression i s  ~ 1 0 6 - 1 0  from the t o t a l  cross  

Figure 35. Bethe-Heilter, bremsstrahlung and deep compton t r i d e n t  pro- 
duction processes. J 

Charac te r i s t ics  of QED t r i d e n t s  are: 

1 )  Most coherent processes (except incoherent t r i den t s )  

2)  Small r e l a t i v e  opening angl'es between produced muons 

3) Small PT r e l a t i v e  t o  v i r tua l  photons 

4) Cross sect ion peaks a t  low masses (-m ) 
I ,  r 

5) Calcul ed 0 ranges from 1 0 - ~ ~ c i n ~  f o r  coherent processes 38 t o  10- cm2 f o  incoherent processes f o r  events with propa- 5 gators  > 1 GeV . 
We have y e t  t o  do a rigorous (and tedious) calculat ion of these processes 
which take i n t o  consideration apparatus acceptances. Preliminary estimates 
(good t o  an order  of magnitude) y i e ld  a background level  of = 0.04 events 
f o r  coherent 3p events and 0.4 events f o r  incoherent 3p events. These pro- 
cesses cannot be expected t o  account f o r  a l l  the extra  muon events. 

4. K c t o r  Meson Production 

A l a rge  c l a s s  of vector mesons, p , a, 17, '$, - . . can be produced i n  J deep i n e l a s t i c  muon sca t te r ing .  I f  these Vector mesons a r e  allowed t o  decay 



f- 
e l e c t r o m a g n e t i c a l l y  i n  two muons,trirnuons can r e s u l t .  I n  a d d i t i o n ,  i f  one 
o f  t h e  decay muons should escape de tec t i on ,  a  s imu la ted  2~  events w i l l  
r e s u l t .  

The c h a r a c t e r i s t i c s  o f  these events w i l l  be 

1 )  Genera l l y  u z  o r  F I X  has low P.,. ( < 0.5 GeV/c) 

2) Azimuthal angles between ~ 1 ,  and u, should be % 1 8 0 ~ .  

3) Mass peak a t  p, U, and 0. 

l j a r i ous   feature.^ observed i n  t h e  data do n o t  agree w e l l  w i t h  these 
c h a r a c t e r i s t i c s .  PT f o r  n e a r l y  a l l  observed 2u o r  311 events i s  2 0.5 GeV/c, 

Some o f  t h e  p o s s i b l e  background processes considered a r e  l i s t e d :  

Contamination due t o  these nrocesses are  found t o  be n e g l i g i b l e .  

5. Semi leptonic  Weak Decay o f  New Hadrons 

T h i s  c l a s s  o f  mechanisms i s  v i a b l e  i f  produced resonant  s ta tes  a r e  
s t a b l e  under the  s t r o n g  and electromagnet- ic i n t e r a c t i o n s .  Otherwise, 
t h e  (semi-) l e p t o n i c  branching r a t i o s  w i l l  be smal l .  

We have shown t h a t  n/K background should c o n t r i b u t e  t o  l e s s  than 20% 
o f  a l l  2p events, and even l e s s  so f o r  3p events. We s h a l l  focus  our  
a t t e n t i o n  t o  t h e  remain ing d i r e c t  (unknown) sources o f  l e p t o n  y i e l d s .  

Cu r ren t  i n t e r e s t  i s  focussed on t h e  p o s s i b i l i t y  t h a t  t h e r e  are  s i g -  
n i f i c a n t  associated product ion  o f  t h e  new hadrons Mc ( e i t h e r  pseudosca?ar.s, 
D, o r  F, and t h e  v e c t o r  mesons D* o r  F*), which a r e  p r e d i c t e d  b y  the  
4-quark model. Presumably t h e  l ep tons  cou ld  come f rom t h e  semi lep ton ic  
decays of Mc + x t II + 7. Associated product ion  of  McEc cou ld  then g i v e  

P r i s e  t o  bb th  2u and 3~  f i n a l  s t a t e s  w i t h  t h e  r a t e  governed by  t h e  decay 



branching r a t i o .  The process. wi l l  proceed a s  follows: 

W e  do not y e t  know the  precise  production mechanism. I t  is 
d i f f i c u l t  t o  ex t r ac t  the branching r a t i o  from the data s ince  the accep- 
tances depend on the masses, angular d i s t r i bu t ions  and energy spectra of 
t he  produced hadrons. However, most features  observed i n  the'dimuon data 
tend t o  agree well with those expected i n  semileptonic weak decays of Mc. 

1 .  Small x enhancement <x> = 0.048 
2, 

2. Apparent threshold i n  W ?. 8-9 GeV 

3.  High v i s i b l e  hadron i n e l a s t i c i t y  > 0.2 (30 GeV). 

4. F l a t t i sh  (PT)2 d i s t r i bu t ion  ( fi .r, e - 1 - 8 P ~ )  , P2 > 0.5 GeV/c. 
"PT 

5. No events found a t  very la rge  ( P T ) ~  > 2.5 GeV/c. 

We made an attempt t o  simulate the  production and decay of new 
hadrons. Our model assumes the associated,production of OD w i t h  4 
Mc = 2 GeV. The new hadron i s  produced a s  

= 0.6 pb / (~ev ) '  exp (-2pT/(GeV/c)) 
d ~ d 2 ~ T  

decaying i so t rop ica l ly  via M + K + LI + v having a branching r a t i o  of 
10-30%. Shapes of the  PT 2nd Pg d i s t r ibu t ions  a r e  i n  good agreement 
w i t h  observed d i s t r i bu t ions  except f o r  the  low normalization of the  spectra.  
We conclude t h a t  unless more than one type of new hadrons a r e  being pro- 
duced the  normalization remains an anomally. We a re  cur ren t ly  making attempts 
t o  use other  f i ts .  

VII. Branching Ratios 

1 .  a ( p  + U I I ) / U ( U  + 1,) 

From Table I we see t h a t  i n  12 dimuon events (ou t  of 27) the  
IePding muon had the  same t r i gge r  requirement as  deep i n e l a s t i c  events. 
Assumi~;,, -:LO?; i / K  backgrounds, * 20% loss  due t o  scanning o r  veto counters 
and (0.5 + 0.25) f o r  t h e  detection of the extra  muon, we obtain a branching 
r a t i o .  - 



This number i s  a very important one s ince i t  may represent the  
d i r ec t  measurement of semileptonic weak decay branching r a t i o  of new 
hadrons, i f  these pa r t i c l e s  a r e  indeed associated-produced i n  pN c o l l i -  
sions.  However this number i s  a l so  very d i f f i c u l t  t o  determine correct ly  
s ince the detection e f f ic ienc ies  f o r  ~2 and u3  must both be understood. 

The best  way i s  t o  i n s i s t  t h a t  events t o  be used i n  branching 
r a t i o  calculat ions  must have the same t r igger ing c r i t e r i a :  leading par- 
t i c l e  v1 t r i gge r s  the  apparatus. This eliminates completely the need 
t o  know the acceptance f o r  ~ 1 .  Unfortunately, most of the multimuon 
events found do not contain p1 t h a t  tr iggered the apparatus. In f a c t  
f o r  3p events,  e i t h e r  p2 o r  p3 did the t r igger ing.  For 2p events, 12 p1 
t r iggered the apparatus out of 27 accepted events. I f  one takes i n to  
consideration of the detections e f f ic ienc ies  we have 

No. of 3p events 
No. of 2p events a12B(1-B1} 

where B denotes the semileptonic weak decay branching of M . A t  90% 
confidence l eve l ,  we found B < 0.3. When s t a t i s t i c s  improv& , a 
good number can be expected. 

One may want t o  examine the three 3p evenrs with i n e l a s t i c i t y  
rl > 0.2. These events can be compared w i t h  27 dimuons w i t h  rp 0.2. 

P Although the uncorrected r a t i o  is  about 0.1, we need more analysis  t o  
get  a more r e l i a b l e  number since a production mechnanism and decay 
scheme must be assumed t o  make the detection eff ic iency corrections.  

Finally if we assume t h a t  B <  0.3 and t h a t  Mc i s  produced i n  
,,N sca t te r ing ,  then combining (5)  and ( 6 ) ,  

VIII. Conclusions 

I t  is our conjecture t h a t  new pa r t i c l e s  a r e  produced i n  deep ine las -  
t i c  muon col1 is ions .  This conjecture i s  strengthened by the following 
fur ther  considerations: 

2 2 2 
i )  The events a t  large Q ( >  2 GeV /c  ) dis t inguishing themselves 

from the "sof t"  processes t h a t  prevail i n  conventional 
hadronic and electromagnetic interact ions:  heavy objects  can 
not be ea s i ly  processed by such processes. 

i i )  Virtual or  real photons can produce pa r t i c l e s  t h a t  a r e  not  
already present as  t a rge t  consti tuents.  A good example i 
the photoproduction of $/J a t  SLAC, Cornell and Fermilab. 5 7 

i i i )  A d i r e c t  comparison of t h  absolute y i e ld s  i n  s ing le  muon 
deep i n e l a s t i c  scat ter ing5 from those expected from the SLAC 
data show a 15% excess of events a t  l a rge  values of ~ ( C O  > 10).  
(Figure 4 ). This is the same w region where our extra  muons 
a re  found. 



Combining our current experimental observation and our published 
r e s u l t s  on d e v i a t j o ~  from scal ing,  we i n f e r  t h a t  h i  h W (or  v )eyen s may 1 - be due t o  our e x c i t ~ n ~  new deorees of hadronic freelome In deen ~ n e  a s t ~ c  
co l l i s ions .  I f  the  mass of t6e  new hadron is  m,, the thresholh f o r  exci- 4 - - 
t a t i on  occurs a t  $th = (2mCmN)' and qZ = n mcZ, where n is a model 

th  2 dependent quant i ty  of order 1.  Near the  q -threshold the new hadron pro- 
duction cross-section should be nearly f l a t ,  where conventional vector 

meson production cross-section i s  already dropping rapidly.  Naturally one 
"c 2 expects t o  have an enrichment of t h e  order  of (-) ~ 1 0 .  m 

P 

X .  . Current and fu tu re  plans 

Further data a r e  c l ea r ly  needed. . In  the near fu ture ,  t h e  Michigan 
State-Fermilab muon experiment cansoon provide: 

1. A l a rge  data sample ( ' 1000 2v, 100 3p events) 

2. Determination of the  missing energy, E,,, = E -E -E -E -E 
o 1 2 3 h  

3. Mass spectra i n  muoproduction. 

4. More precise  measurements of branching r a t i o s .  

5. Visible hadron energy d is t r ibu t ions .  

Data daking commences i n  July,  1976. Following t h i s  experiment, another 
experiment (Berkeley-Princeton-Fermi 1 ab) wi l l  do s imi la r  measurements. 

Fig. 36 Michiga~ State-Fermilab muon experiment now I; 
progress a t  Fermilab. The interact ion calorimeter 
is  24 f e e t  i n  length compared t o  6 f e c t  i n  the  
experiment discussed here. 
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