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Dsta fro. a nor muon-nucleon scattering experiwnt includes 513 

events w i th  nore t h n  one f inal  state muon, of which 449 are dinuons 

and 64 are trimuons. Conventional hadronic and elcctrmagnetic processes 

account for less than 151, of these events. Present calculations luggest 

that the na jo r i t y  of the dinurns resu l t  frm the associated Production 

and semi-leptonic decay of chamed mesons. 

Events w i t h  two (or nore) f ina l  state wons have been observed i n  

scvoral e x p e r i m t s  using wonsl .  neutrinos', o r  hadmns) as incident 

part ic les.  Interpretat ions of these events i n  the lepton scatter ing cxper- 

inants have included such processes as the production ( and smi - lep ton ic  

decay) of charmd nesons*. heavy lepton production and decays. and more 

conventional hadmnic and c l e c ~ g n e t i c  mechanisms1. This Let ter  des- 

cr ibes the character ist ics of a large sample o f  dinuon events frm a new 

w o n  scatter lng experiment. The acceptance lmprovanents and increased 

s t a t i s t i c s  of t h i s  data have reduced the uncertainty about the o r i g i n  o f  

these events. 

The experimental apparatus (Fig. 1) consisted of four mJor  parts: 

the beam, the targetlcalorimeter, the f i n a l  state won spect raeter  and 

the tr igger inglveto counters. The Farmilab muon ("'1 beam energy was 270 

GeY (wi th a rean spread of 5 GeY) and the in tens i ty  w i th in  the beam t e l e -  

scope averaged 6 x 10' muons/spill wi th an almost equal number o f  halo 

wons outside of the beam. This halo was prevented frm tr igger ing the 

apparatus by a large bank of s c i n t i l l a t i o n  counters a t  the f ront  of the 

target. The targetlcalorlmeter consisted o f  110 steel plates (each 4.8 

cm th ick) sandwiched wlth s c i n t i l l a t i o n  counters. g lv ing  a t o ta l  length  

of 738 on (4250 ~ l c m ' ) .  The calorimeter was used t o  determine the vertex 

ws l t i on .  hadmn energy. and the number o f  nwons enterlng and leaving the 

target. The f i na l  state mans were detected in  a large-aperture magnetic 

S p e c t r m t e r  consisting of e ight to ro ida l  i m n  magnets, and nine wire 

spark chambers. The field-free region o f  the to ro id  holes was f i l l e d  w i t h  

lead-loaded concrete t o  stop penetrating hadmns. The m e n t u n  reso lu t ion  
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of the s p e c t m t e r .  about 1M for ful ly-penetrating mons. increased t o  

nearly 4 m  near the acceptance edges. The f ront  o f  the s p e c t m t e r  was 

equipped wi th  hm small proportional chunbers t o  improve nu l t i - t r ack  recog- 

ni t ion.  and two large slabs o f  steel (770 N u n 2 )  t o  shleld the spark 

chmbers frrm hadrons. Three banks o f  sc in t i l l a t i on  counters m r e  placed 

wi th in  the spectrometer for t r igger ing purposes and three c i rcu lar  veto 

counters, centered on the magnet holes, rejected events w i t h  penetrating 

par t ic les  a t  small angles. 

nult inuon event f inding began with the reconstruction of a11 spectro- 

meter tracks for those events wi th a single beam muon. The distance o f  

closest approach o f  the incident and scattered mons (WIN) defined the 

event vertex along the beam axis (WIN). Requiring OMlN ' 10 cm and 

UllN to  be within 80 an o f  the target e f fec t ive ly  eliminated halo con- 

tamination. A11 reconstructed tracks m r e  required t o  penetrate a t  leas t  

one magnet. imposing a minimum energy of 5 GeV (a t  the end of the target) 

on a l l  muons. Events with m r e  than one reconstructed track (about 2% 

of the t o ta l  of 8.2 x 1OS events) were v isual ly scanned t o  determine i f  

the tracks constituted a genuine mltimuon. Candidates had t o  have tw 

(o r  ware) good s p e c t m t e r  tracks coning to  a vertex w i th in  the target. 

c lear  t iming infomat ion frm the tr igger counters, and a m l t i - p a r t i c l e  

signal frm the calorimeter. The resul t ing 6W events were re-scanned 

t o  insure correct ident i f i ca t ion  o f  the tracks. Reconstruction losses 

(mainly due to  spark chamber inefficiency) ware estimated by scannlng 1.51 

of the raw data tr iggers. I * l t l p l e  scans of nost o f  the m l t i - t r a c t  

events determined the scanning losses. These checks established an 

overal l  f inding efficiency o f  70 (t 8)1 fo r  dinuons and 89 ( t  81% f o r  

trinuons: 

The nul t inuon acceptance of the experiment i s  cwp l i ca ted  by the 

t r igger/veto requiraants.  the team spread. and track curvature i n  the 

Mgnets. It i s  also del-dependent due t o  produced pa r t i c l e  correlations. 

Nevertheless. the major acceptance features can be adequately described 

by sinplc energy and angle Cuts on the f ina l  s ta te  mons. Dcflning the 

leading (el+) and produced (u2t) mons by t h e i r  m m n t a  (pl > p,) gives 

minimm energies of 9 (18) GeY for  PI and 5 (13) GeV f o r  p2, corresponding 

t o  an in terac t ion  a t  the downstream (upstream) end o f  the target. Simi- 

l a r l y .  the angular cu t  ranges a n  13 (8) nrad < ol . 74 ( I S )  mrad and 

26 (11) mrad ' el r 144 (61) mrad. 

F m  the s a p l a  of 1.1 x incident mons, w have found 449 

dinuons and 64 tr imons. Application of the f inding eff iciency corrections 

increases these numben t o  644 (t 55) dimuons and 72 (t 6) trimuons. 

Subjecting the leading par t ic les  o f  nultilnuon events t o  the m r e  str ingent 

cuts applied t o  the deep-inelastic nuon sample of 3.9 x 10' events gives 

rates per deep-inelastic scatter of 6.3 It .6) x 10"' dimuons and 4.1 

(t .4) x 10-5 t r imons.  uncorrected for the produced w o n  acceptance. 

F u l l  kinematic information i s  avai lable f o r  412 d lmon events. of 

which 298 have par t ic les  w i th  opposite charges (OSP). and 114 have 

par t ic les  of the Sam charge (SSP). Note t ha t  the def in i t ion  of the 

leading and produced nuons mis-identif ies 26 OSP events where p2- > plt. 

Fig. 2 canpares the ch rac te r i s t i cs  of deep-inelastic scattered mons a d  

leading pa r t i c l es  fro. dimons. The leading muons prefer lower x and 

higher Y ( m d  y) regions, pa r t l y  due t o  the acceptance difference. The sharp 



r i s e  (and f a l l )  i n  Y seens t o  be pr imari ly an acceptance effect.uhich tends 

to  mask any actual threshold. 

To test  various interpretations o f  m l t i m o n s .  a b n t e  Carlo procedure 

has been developed which can accept any theoret ical  mde l  m d  pred ic t  the 

rates and kinematic distr ibut ions expected wi th in  t h i s  experiment. The 

f u l l  incident beam d is t r ibu t ion  i s  used and 111 f l n a l  state muons are traced 

through the spectrmeter accounting f o r  energy loss. n u l t i p l e  scattering. 

and mmentum resolution.ar well as t r lgger  and veto r e q u i r m n t r .  Weighted 

histograms of relevant kinematic variables are then produced. w i th  the 

weight being a product of the mdel cross section and the apparatus accep- 

tmce. This method has been used to  examine several processes. including 

cham production. dinuons fran r/K decay. and e las t lc  Bethe-Heitler t r i den t  

productlon. Dinuons ar is ing frm the decay o f  one o f  the pions (kaons) i n  

the hadron shower. o r  frm prmpt  nuon production,have been calculated I n  

the sane manner as i n  the previous experiment.' The number of dinuons 

predicted from these processes i s  less than 15% of the observed sample. 

Dimon and t r lmon  rates f ran elast ic Bethe-Heitler muon-trident production 

were calculated using the computer code of Brodsky and Tlng to  give the 

d i f f e ren t i a l  cross section.' This process can account for  only about 12 

dimuons and 8 trinuons. because the veto severely biases the t r igger  against 

such low angle processes. Other potent ia l  backgrounds. including Vector 

meson production. Inelast ic t r ident p~oduct ion  and hadronic f i n a l  s ta te  i n te r -  

actions have not ye t  been evaluated.but the calculations of Barper e t  11.' 

suggest that  none of these processes can account f o r  more than a small frac- 

t i o n  o f  the observed dlmons. 

The cham model (similar t o  that of Bletlacker and Nieh' for  associated 

DO production) contains three free parmeters governing the n o m l i r a t i o n  

and ths longi tudinal  and transverse nnentum distributions.' With data a t  

a s ingle incident energy, the nomal iza t ion  i s  not determined and only 

ktnematic shapes are obtained. 

Fig. 3 shows s m  o f  the dinuon k i n m a t i c  distr ibut ions.  w l th  curves 

frm the r /K  and t r i den t  backgrwnds. The d is t r ibu t lons  i n  A8 and Hur a m  

rather smoth, w i th  no s t r i k i ng  features. The pronounced peaking a t  lBOO 

i n  A t  s e a s  t o  occur i n  a11 o f  the calculated processes and represents 

the tendency of the produced mons t o  l i e  along the v i r t u a l  photon direction. 

"back-to-back. w i th  the scattered nuon. The inelasticity favors the 

pmduction o f  par t ic les  a t  the hadronlc vertex and i s  inconrlstent w i t h  the 

background shapes. The d imon produced pa r t i c l e  enerqy and transverse 

m e n t u n  ( re la t i ve  t o  the v i r t u a l  photon direct ion) are s h m  i n  Fig. 4 

w i th  curves f o r  the background processes and the cham model. The background 

shapes and rates cannot explain m r e  than 151 o f  the data. The cham 

calculat ion f i t s  reasonably well a t  lnr transverse mnenta, but f a l l s  o f f  

smewhat fas ter  than the data. This may indicate sme problms i n  the 

model used, although m independent calculation9 suggests the same trend. 

I n  sumnary, the major i ty o f  d imon events i n  mon scattering appear t o  

resu l t  fm the associated production and semi-leptonic decay o f  charmed 

mesons. Conventional hadronic and electromagnetic backgrounds arc suppressed 

by the veto and cannot account for  more than 15% of the dimon sample. The 

Small excess o f  high P, events may signal the need for more re f ined m d e l  

calculations. a l t hwgh  new processes are not ruled out. 
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FIGURE CAPTIONS 

Fig. I. Layout o f  E319 apparatus. HV denotes the halo-veto s c i n t i l l a t i o n  

counters. BEN4 PCS and HPCS are proportional chambers. HSI and US2 

are steel  hadmn shields. USCI-9 are w l m  spark chambers. MI-It8 a m  

i ron  tom ida l  magnets. U, SB. and SC are t r igger  counter banks, and 

BV1-3 are beam-veto counters. A dinwon event (OSP) and i t s  high- 

gain AOC readout are displayed. 

Fig. 2. Histograms of the 4ranenCum transfer squared Qz [-4EnEl sin2(e112). 

where En-beam energy. El-scattered w o n  energy, and el-scattered 

m o n  polar m g l e  re la t i ve  t o  the beam]. Bjorken X [=Qz12Mu. where 

v=Eo - El and M=nucleon muss], f ina l  s ta te  .;admn energy W [=(Mu + 

HZ - and fract ional  energy of the v i r t u a l  photon Y [.vlEnl. 

The so l i d  (upper) hlstogrl. represents deep-inelastic single won5 

m d  refers t o  the a r b i t r a w  l e f t  scale. The dashed histogram shows 

leading auonr frm the fu l l  diman sample, nhlle the shaded histo- 

gram represents leading won5 wi th  the sane acceptance as the deep- 

i ne las t i c  sample; both refer t o  the normalized scale on the r igh t .  

Fig. 3. Canbined kinematics of diruon events. Including polar angle d i f f -  

erence be [ . 8 ,  - eJ, azimuthal angle di f ference ( i n  the plane 

perpendicular t o  the beam axis) A( [.+, - +z]. apparent mass M nu 
[-4ElE, r i n z ( ~ e l t ) ] .  and Ine las t i c i t y  [-(En - El - E2)IEnI. The 

dashed cuwc represents the m I K  decay m d  prompt muon backgrounds 

and the s o l i d  cuwe shows the e las t ic  Bethe-Heltler contribution. 

Flg. 4. Prcduced w o n  nnantum (P2) and i t s  transverse m e n t u n  (PJ 

re la t i ve  t o  the v i r t u a l  photon fo r  dinwons. The upper (dash- 

dotted) curve represents the charm model predict ion and the other 

cuwes are as described i n  Fig. 3. 
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