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Abs tract :  Res ul ts from 225 , 000 di muon events w i t h  ma s s  above 6 GeV  obta i ned in  
a beam dump detector are  presente d .  T h e  s e a  quark s tructure functi ons a re 
determined from the mas s  spectrum and  are found to be a factor of 1 . 6±0 . 3  l a rger 
than those obtai ned from i nel astic  neutrino scatteri n g .  A t e s t  of the Drel l ­
Yan model over the Feynman x ,  xF , range o f  - 0 . 2 to 1 . 0 i s  made for masses up 
to 14 GeV . The Xf dependence of the Ups i l on fami l y  product i on cross section i s  
g i ven .  Al so presented i s  the a verage Pt o f  the di muon p a i rs versus Xf and the 
mas s .  A sma l l i ncrease w i t h  mas s  i s  i ndi cated , b u t  n o  s i gn i fi cant decrease w i th 
xF i s  found .  
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1 . Introduction* 
The resul ts of the MNTW** col l aboration presented i n  this tal k  are based 

on data taken at Fenni l ab in the spring of 1 978. The fi rst data obtained in this 
experiment were taken at the time of the discovery of the Upsi l on fami ly by the 
CFS group . 1 )  Confi rmation of this meson fami ly was fi rst reported by the MNTW 
group i n  D. A. Garel i ck et al . 2 l Approximately 225 ,000 dimuon pai rs wi th mass 
above 6 GeV were recorded . These were produced by 400 GeV/c protons on a tung­
sten target. About 1 5 ,000 events in the Ups i l on fami l y  were contai ned in thi s  
samp l e .  

The experimental techn ique empl oyed can be characterized a s  a beam dump 
detector. The advantages of thi s device are : ( 1 ) a hi gh rate capabi l i ty of up to 
1 01 2  protons per pul se ; ( 2 )  a l arge overa l l  acceptance of approximately 6% and 
a l l  Feynman x greater than -0 . 2 ;  ( 3 )  a mul ti -muon detection capabi l i ty where 
three or more muons mi ght be seen , for exampl e ,  if naked charm or bare bottom 
mesons were produced i n  coinci dence with the J/1/1 or T resonance s .  The detector 
coul d a l so have recorded l ow mass pai rs produced at l arge Pt had we real i zed the 
importance of studyi ng this process at that time .  

The di sadvantages o f  the devi ce are :  ( 1 ) a poor mass resol ution o f  about 
7 . 5% ; ( 2 )  a contamination from dimuons produced by secondary hadrons in the l ong 
target and dump . As an aside we note that an air gap magnet pl aced downstream 
of the dump woul d have enab l ed thi s techni que to obta i n a mass resol uti on of 
about 2% at l arge mass .  The Northeastern Group component o f  this col l aboration 
is propos ing to do this i n  Fenni l ab Experiment P645 . 

In this paper we wi l l  report on ( 1 ) the sea quark structure functions as 
determi ned from our dimuon spectrum and K factor ; (2) a test of the Drel l - Yan 
model ; ( 3 )  the Feynman x dependence of the ratio of the Upsi l on production to 
that of the conti nuum ;  (4 )  the average Pt dependence of the dimuon pai rs as a 
function of both Feynman x and dimuon mas s .  
2 .  The Detector 

Our apparatus i s  s hown i n  F i g .  1 .  A 400 GeV/c proton beam i s  i nci dent 
from the l eft and impinges on a 32 cm tungsten target . The target is pl aced 
* Thi s  work was supported by the National Science Foundation and the Depart­

ment of Energy . ** The i nsti tuti ons i nvol ved i n  thi s col l aborati on are Un i vers i ty of Michi gan , 
Northeastern Un i vers i ty ,  Tufts Un i vers i ty ,  and the Univers i ty of Wash i ngton . 
The col l aborators were S .  Ch i l dres s ,  D .  A. Garel i c k ,  P. S .  Gauthi er, 
M. J .  Gl aubman , H .  R . Gustafson , L .  W .  Jones , H .  Jonstad , M . J .  Longo , 
M. L. Mal l ary , P .  M. Mockett , J .  Moromi sato , W. P .  Ol i ver, E. Pothier, T. J .  
Roberts , J .  P .  Rutherfoord , S .  R .  Smi th , E .  von Goel er ,  M .  R .  Whal l ey ,  and 
R. W. Wi l l iams . 
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Fi g .  1 .  Beam Dump Detector Schemati c .  The 400 GeV/c proton beam is inci dent 
from the l eft and impi nges on a 32 cm tungsten target . The 5 . 5m of sol i d i ron 
magnets have a hori zontal fi el d of 2 . 1 5T .  

ToP VIEW 
RI.JOI 5"33 EVENT 

MASS 1 7. 2 1  

sros- vrrn 
7 KTYP= 3 

Fi g .  2 .  Typical H igh Mass Event . The hodoscope and PWC h i ts of a 1 7  GeV mass 
dimuon event are shown al ong with the reconstructed trajectori e s .  
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next  to the  fi rst dump magnet so that  background from p i on decays i s  m in imi zed.  

The 5 . 5m of b�am dump magnets ca rry a horizonta l fiel d of  2 . 1 5T and a l so serve 

as the analys i s  magnets . 

Fol l ow i ng the i ron i s  the di muon detector .  I t  i s  composed of  two mi rror­

image arms whose openi ng ang le  can be adjusted for di fferent run n i ng condi t ion s .  

Most  o f  the runni ng was taken w i t h  the arms mak i ng a min imum ang le  o f  1 8  mr wi th 

respect to the target . Eac h arm beg i ns w i th two pl anes of tri gger hodoscopes 

which g i ve the hori zontal and verti cal pos i ti on of muons travers i ng the magnets . 

These hodoscopes are fol l owed by 9 pl anes of proport ional  wi re chambers grouped 

i nto three sets . Each set i s  separated by a 7-i nch s l a b  of i ron to prevent 

showers produced near the end of the magnet from penetrat ing a l l  the pl anes . 

Fol l ow i ng the proporti onal w i re chambers i s  another set of hori zontal and verti ­

cal tri gger hodoscope s .  

Fol l ow i ng these hodoscopes i s  a final  s e t  of vert i ca l  hodoscopes which 

were used to restrict the tri ggers to the hi ghest mas s .  These formed a wedge­

shaped pattern and were used i n  the tri gger to repl ace the i nner back verti cal 

hodoscopes that they overl apped . The bul k of our h i gh mas s  data was obtai ned 

w i th th i s  requ i rement . The fast  tri gger requi red h i t s  i n  the four pl anes of 

hodoscopes in each arm .  The l atched hodoscope h i ts were then v iewed by a matri x 

l og i c  un it  based on the memory chi p deve l oped by Brookhaven National  Laboratory .  

This  matr i x  l og i c  imposed a hi gher momentum cut than was produced by the accept­

ance of the magnets and hodoscopes , and it requ i red the di muon trajectories  to 

poi nt back to the target i n  the non-bend pl ane . If these requ i rements were not 

sat i sfi ed the event was aborte d .  The tri gger w a s  very c l ean a n d  approximatel y  

70% o f  our tri ggers were reconstructed t o  g i ve good d imuon pai rs . A typ i ca l  h i gh 

ma ss  event i s  s hown schemati cal ly  i n  F i g .  2 .  The h i t s  i n  the PWC ' s  and the 

hodoscopes are show n ,  a l ong  w i t h  the reconstructed muon trajector i es . 

3 .  Acceptance and Systematics . 

As a check on background produced by random dimuon co i nci dences , a sca l ed 

sampl e of events w ith  one arm del ayed by two rf buckets w i th respect to the 

other was a 1 so recorded. These coul d be compared with  the Hke s i gn events 

taken a l ong w i t h  the oppos i te s i gn event s .  To make the compari son prec i s e ,  one 

of the l i ke s i g n  events was refl ected in the hori zontal mid-p l ane before 

cal cu lat ing the mas s .  Th i s  corrects for the di fference o f  the acceptance o f  the 

oppo s i te and l i ke s i gn pai rs . The refl ected l i ke s i gn data , a long  w i th the 

oppos i te s i gn raw data for the h i g h  mass tri gger i s  s hown in Fi g .  3 .  As can be 

seen , the background from acci denta l s is typi cal l y  1% or l ess  in the h i gh mass 

reg i o n .  

I n  Fi g .  4 we s how t h e  acceptance of  t h e  apparatus as  a function of q
2 
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F i g .  3 .  Acc idental Rate . Thi s  i s  a pl ot of our raw 
h igh mass data and the accidental data as evi denced 
by the l i ke s i gn pai rs . 
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F i g .  4 .  Apparatus Acceptance . The acceptance of the apparatus 
is shown for Bjerken x and q2 . Al so noted are the acceptances 
of the deep i ne last ic l epton scatteri ng experiments in the 
space-l i ke regi on and the CFS acceptance at 400 GeV .  The 
dashed boundary is the l im it of useful statistics . 
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versus Bjorken x of the partons . The dashed boundary i s  not a geometrical cut­
off but is determi ned by the l im it of useful stat i st ics . Al so noted i s  the 
reg i on covered by the CFS group at 400 GeV and by the deep i ne last ic l epton 
scatteri ng experiments i n  the space- l i ke doma i n .  

In order t o  correct the data for the systemati cs o f  the apparatus accept­
ance and the i nteraction of muons i n  i ron , a Monte Carl o program was used that 
s imul ated the effects , i ncl uding the fl uctuat ions , of mul t i p l e  scatteri n g ,  
knock-on el ectrons , bremmstrahl un g ,  pai r production and fi n i te radiative 
correcti ons . 3 )  The f in ite resol ut i on of the PWC ' s  was al so i ncl uded .  

In Fi g .  5 we show the corrected dimuon mass spectrum for dimuon events 
with Feynman x from 0 to 0 . 2 .  The three curves l abel ed ( a ) , ( b ) , and ( c )  are 
acceptance functi ons for the di fferent tri ggers used and reference the sca l e  
at the right . For (a ) the two arms were together, for (b ) the two arms were 
separated by 1 8  mr and for ( c )  the h igh mass wedge counter tri gger was satis­
fi ed as wel l  as the matri x  l og i c  condi t i ons . These acceptances are affected by 
the geometry as wel l  as the resol ution because muon pa i rs can scatter i nto the 
acceptance. The dimuon spectra resul ti ng from the three di fferent tri ggers 
after correction agreed to better than 5% i n  the two regi ons of overl a p .  A 
sma l l  correcti on for random co i nc i dences has been made from the l i ke- s i gn pai rs µ+µ++µ_µ_ and for muons produced by p ions i n  the target . The i nset shows the 
events i n  the Ups i l on regi on on a l i near sca l e  after a subtraction of the 
conti nuum is made . The s hape agrees very wel l  w ith our Monte Car lo resu l ts .  
4 .  Sea Quark Di stri but ion .  

To find the sea quark di stri but ion we use the events from the reg ion 
shown i n  Fi g .  6 .  These are the events s hown i n  F i g .  5 above 5 GeV i n  mass and 
exc l ud i ng the Ups i l on region .  Us ing the val ue o f  F� ( x ,q2 ) found i n  deep i n ­
e l a st : c  lepton scattering4 ) , we fit our spectrum w ith the function 

where c1 , c2 and c3 are known functions of x1 and x2 and S ( x )  speci fies the sea quark di stri but i on .  We have used the parameteri zat ion o f  F� gi ven by T .  Kirk . 5 )  
For the q2 evol ution we have assumed that q2 = m2 where m i s  the dimuon mas s ,  
and have i gnored the s i gn change . F� was obta i ned from the SLAG deep i nelasti c 
el ectron scatteri ng6 )  and we have assumed that F�/F� = .807 - . 5 35x i s  i ndepend­
ent of q2 

ways : 
The u d, s and s sea quark d i stri buti ons have been parameteri zed i n  two 

A. symmetri c sea : xd = xu = 2xs = 2xs = a ( l -x ) b 
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O<x ' <0 . 2  versus mass , q .  Mass dependent systemati c 
errbrs are i ndi cated by the spread i n  the fi tted curve 
and are in addi ti on to an 1 1 %  o vera l l  error .  The fi t i s  
the resu lt of the asymmetri c sea determination . The 
curves l abel ed (a ) ,  (b ) ,  and (c )  are the acceptances for 
the three tri ggers used and reference the sca l e  to the 
ri ght. 
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B .  Asymmetric sea : xd = .a ( l - x ) b 
xu + ( l -x) 2 · 5xCf 
XS = XS = (xu+xd)/4 

Al l h i gher mass quark fl avors are negl ected. The asymmetri c  form is suggested 
by the res u l ts of the CFS group . 7 )  

The resul ts of a best f i t  t o  the data i n  F i g .  6 for the parameters a and 
b are g i ven in the fol l owi ng tabl e .  

a 
b 

A 
. 46± . 03± . 06 

8. 2± . 2± . 3  

B 

. 50± . 03± . 06 
7 . 4 ± . 2 ± . 3  

where the first error i s  stat i stical a n d  the second an estimate of the systema-
t i cs .  In Fi g .  5 ,  the sol i d  curve i s  the f i t  usi ng the asymmetr i c sea and has 
a chi -square of 35 for 35 degrees of freedom. The broadeni ng of the curve is a 
measure of the systemat ics . These are l arge ly due to the uncerta i n ty of the 
extent of the dimuon producti on from secondary parti c l es .  There i s  al so an 
overal l 1 1 %  uncerta i nty i n  the normal i zation of our data . 

We emphas i ze that the q2 dependence of the sea cannot be obta i ned from 
this fi t ,  s i nce each poi nt ,  x ,  for the sea quark di str ibut i on i s  essenti al ly 
measured at a s i ng l e  va l ue of q2 . I f  the sea quark d i stri but i ons are compared 
with those obtai ned by the CDHS col l aborati on8 ) (a l though these were at l ower 
q2 ) ,  we fi nd a l arger val ue by a factor of 1 . 6±0 . 3  in the reg i on of overl ap . 
Thi s  rat i o is customari ly cal l ed the K factor ,  and is somewhat smal l er than 
that obta i ned from the p ion data , 9 )  but the d i fference may be due to sca l e  
break i ng .  
5 .  Test o f  Dre l l -Yan 

Hav i ng obtai ned these sea quark di stribut ions we can then compare the 
predi cti ons of the Drel l - Yan model w ith the cross secti on observed in the 
rema i nder of phase space detected by our apparatus . To systemati cal ly note the 

' 2 edge of phase space we use the variab l e  xF = xF/ ( 1 -T )  where T = m /s .  That i s ,  
Feynman x i s  scaled by the maximum poss i bl e  val ue for a g iven mass .  In Fi g .  7 
we show on a l i near sca l e  the cross secti on pred ict i on of the Drel l - Yan model 
vs . x; (compared with the data ) for di muon mas ses in the regi on of 1 1  . 5  GeV .  The 
normal i zati on of the curve comes from the fit i n  the x� region of . 0  to 0 . 2 
and the shape depends upon the Drel l -Yan model . In F i g .  8 we show the resul ts 
on a l ogari thmic sca l e  for 5 d i fferent mass b i n s .  The curves show excel l ent 
agreement w ith the data . The chi-square per degree of freedom are as fol l ows : 
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mass chi-square degree of freedom 
5 . 7  GeV 93 . 5 30 
7 . 2  73 . 7  36 
8 . 2  1 1 6 . 5  41 

1 1 .  5 74 . 5  47 
1 3 .  7 37 . 3  46 

The cut-off in the data at l arge x� and l ow mass is due to the poor accept­
ance in th is regi on by the h igh mass tri gger and the l imi ted stati stics 
obta i ned with the l ow mass tri gger. The poorer ·fits at the l ower masses coul d 
be due to our parameterization of F2 , a K factor vari ation or sca l e  breaking 
in the sea . Sea 1 e breaking is expected and coul·d be i ncl uded to improve the 
fit to the data . 
6. Ups i l on Producti on 

The producti on mechan i sm for the resonances observed i n  hadron producti on 
of dimuons i s  as yet uncerta i n  and several mechani sms have been suggested1 0 l . 
The rati o of the Ups i l on to the conti nuum as a funct ion of x� i s  c learly 
sens i t i ve to the production mechan i sm and a rat io avo ids errors i ntroduced by 
absol ute normal i zati o n .  For exampl e ,  i f  the production were ma in ly due to 
quark-anti quark ann i hi l at i o n ,  then the rati o wou l d  be expected to be approx i ­
mately constant for di fferent Feynman x va l ue s .  Smal l di fferences i n  the 
behavi or of the up and down quark structure functions woul d prevent the rat io 
from bei ng preci sely constant . On the other hand , a substanti al component of 
gl uon producti on woul d cause the rat i o  to decrease wi th Feynman x .  Gi ven the 
gl uon structure funct i on di fferent mode l s  can be tested or g i ven a model , the 
gl uon structure can be constra i ned . We show the ratio of the Ups i l on fam i ly to 
conti nuum producti on vs . xF i n  Fi g .  9 .  

The rat io pl otted i n  Fi g .  9 i s  gi ven by 
R = ( da (T)/dx� ) / ( d2a ( C )/dmdxF ) 

i n  uni ts of GeV. The data has not been corrected for absorpt ion in the tungsten 
nucl eus , but th i s  is expected to be smal l .  We have a l so assumed that the decay 
angu lar d i stri buti on for the Ups i l on fami ly i s  i sotrop i c .  Our resul ts agree 
wel l w ith the poi nt obta i ned by the CFS group shown on the p lot .  The decrease 
i n  the rat i o  as a funct i on of xF is characteristic of substantial producti on by 
g l uons .  
6 .  Pt Dependence 

It is now clear that the Drel l -Yan process i nvol ves a s i zeable amount of 
gl uon rad iat ion . Th i s  rad i at i on may be responsi b l e  for a l arge fraction of the 
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transverse momentum carried by  the  di muon pa i rs . I n  F i g .  1 0  we s how the mean 

val ue of the di  muon Pt as a function of xf= for several mas s  b i n s . The data 

i n d i cate a mean val ue that i s  i n dependent of  xf= and s l ow ly  i ncreases w i th mas s .  

Hopefu l l y  QCO wi l l  b e  abl e t o  expl a i n  the prec i s e  nature of  thi s behav ior , 

a l though the predi cted decrease i n  mean P
t 

w i th Feynman x i s not observed .
l l ) 

7 .  Summary 

We can s ummarize our  res u lts  as fol l ows : We have obta i ned sea quark 

structure functi ons s imi l ar to those obta i ned i n  other processes but wi th a K 

factor of l . 6±0 . 3 .  U s ing  the Orel l -Yan model , these structure functions are 

used to predict  the beha v i o r  of the c ross  secti ons for a l a rge range of  mas s  

a n d  Feynman x .  The agreement w i th our data i s  very good . 

We have found that the rat i o  of the Ups i l on producti on to conti nuum de­

creases substanti a l l y  w ith  Feynman x ,  which  i n d i cates a s i g n i f i cant amount of 

the production i nvol ves g l uons . 

The average val ue of P
t 

for the conti nuum i s  found to be l arge and i n­

dependent of Feynman x .  The average val ue does s how a sma l l  i ncrease wi th i n­

creas i ng dimuon mas s .  

l ) 
2 ) 
3 ) 
4 ) 
5 ) 
6 ) 
7 ) 
8 ) 
9 ) 

1 0 ) 
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