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ABSTRACT 

From a sampl e of three muon events produced i n  �-N 
i nteracti ons at 225 GeV/c ,  l i mi ts are set on the 
producti on of a heavy meson (B )  conta i n i ng  a b-quar k .  
The producti on of B� pai rs woul d l ead to a three muon 
s i gnal through the decays B+J/� and lr+µ+X.  Usi ng 
theoreti cal l y  predi cted branch i ng rati os , a 90% 
confi dence l imi t of cr( Blr)<S nb/nucl eon i s  found .  
Evi dence o f  l ongi tudi nal vi rtual photon pol ari zat ion 
i n  hi gh mass ( M  >4 GeV/c2 ) muon pai r data near xF=l 

µµ 
i s  revi ewed .  The data are  cons i stent wi th the model 
cal cul ati ons of Berger and Brodsky us ing  hi gher twi st  
QCD terms . 
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I .  INTRODUCTI ON 

There are two res ul ts I w ish  to describe from the work of the Chicago

I l l i noi s-Pri nceton (somet imes CP- I I )  col l aboration . The group has per

formed a series of experiments usi ng the Chi cago Cycl otron Magnet Spectrom

eter at Fermi l ab i nvest igating µ-pa i r  producti on .  The l arge acceptance of 

the apparatus and the use of proton , TI+ , and TI- beams have al l owed us to 

make a systemati c study of the characteri stics  of µ-pa i r  production over a 

broad range of the ki nematic vari abl es . The data I wi l l  di scuss are at a 

beam momentum of 225 GeV/c .  

Because o f  the broad acceptance o f  the apparatus , we have good sens i 

t i v i ty to events w ith more than two muons i n  the final  state ( mu l t i muon 

events ) .  A recent conference report of an enhancement in J/�KTI in 1 50 

GeV/c TI-Be i nteractions whi ch was presented as pos s i b l e  evi dence of B 

( bottom meson ) product ion ,  has moti vated us to make a study of our mul t i 

muon data for evi dence of B production . I wi l l  present the resu lts  o f  

t h i s  study .  

The second topi c I wi l l  di scuss i s  the observat ion of l ongi tudi na l 

vi rtual photon pol a ri zati on near xF= l  i n  our hi gh mass ( M  >4 GeV/c2 ) TI-N µµ 
data and the i nterpretation of the data res ul t i ng  from hi gher twi s t  QCD 

terms . 

I I .  L IMIT ON B MESON PAI R  PRODUCTION 

At the recent Lepton-Photon Conference at Fermi l a b ,  the Gol iath group 

presented data show ing a 4cr narrow state in J/�KTI at 5 . 3  GeV/c2 in TI-Be 

i nteractions at 1 50 GeV/c . 1 )  The s tate appeared to be an attractive can

di date for B meson producti on (a meson conta i n i ng a b-qua rk ) . Assumi ng a 

l i near atomi c number dependem:e and a 1 %  b ranchi ng rati o  to the J/�KTI 

channel 2 )  resul ted i n  a cross section est imate o f  200 nb/nucl eon for BB 

producti on ( both neutral  and charged states ) .  Another experiment has set 

a l im it , based on the ana lys i s  of mul t i muon final  s ta tes , that cr ( BB) � 50 

nb/nucl eon in pFe i n teract ions at 400 GeV/c . 3 )  

Ana lys i s  of our  data offered the  poss i b i l i ty of a more di rect compari 

son with Ref .  l .  The sen s i ti v i ty of the experi ment ( -66 ,000 J/� events ) 

al l ow us to set a l i mi t  on B producti on more than twenty ti mes l ower than 

the reported val ue i n  Ref .  l in TI-N i nteractions at 225 GeV/ c .  



The appa ratus , data analys i s ,  and general features of the data have 

been discus sed i n  the l i terature . 4 )  The mul ti muon uata samp le  contains  

487 J/o/ events accompanied by a thi rd muon . These events a re adequately 

descri bed by the hypothesis  that the extra muon ori g i nates from the decay 

of a TI or K meson produced in the interaction . A deta i l ed study of th is  

process has  been made i n  deri ving  l imits on charm meson production associ 

ated wi th the J/o/ . 5 ) 

Three muon events coul d res ul t from the process ;  

where the th i rd muon can come from the pri mary B decay , for exampl e B+Dvµ 

or from a secondary product a s  i n  B+DX The thi rd muon from 

L K( K* )µv . 

these proces ses woul d have a much broader transverse momentum spectrum 

than that from TI and K decay. Fi gure l shows the observed transverse 

momentum dis trib ut ion of thi rd muons . The dashed curve i s  the s pectrum 

one woul d expect i f  al l events ori g i nated from BB production .  The expected 
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Fi g .  1 .  The transverse momentum of thi rd muons i n  the 487 · observed events 
conta i n i ng a J/�µ+µ- i s  shown i n  the h i stogram. Norma l i zed to 

thi s data sampl e a re the expected s pectra from TI and K decay ( so l i d  curve ) 
and the Monte Carl o s pectra for B+µ+X events ( dashed curve ) .  
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di stri bution of n and K decay muons can be obta i ned from our l a rge sampl e 

of l ow mass l i ke-s i gn muon pai rs (sol i d  curve ) .  Th i s  estimate assumes no 

correl ation of the n and K production wi th the J/w whi ch coul d resu l t i n  

some smal l modi fi cat ion o f  th i s  shape . Neverthel ess , both i n  shape and 

s i ze ,  we find that th i s  decay background adequately accounts for the 

observed thi rd muon data samp l e .  

The expected thi rd muon transverse momentum di stribution for BB events 

shown in Fi g .  l was obta i ned from a Monte Carl o cal cu lat ion .  In  thi s cal 

cul ati on an 1 1  GeV/c2  parent of the BB pair  was generated according  to ; 

where x=2 pl/ IS  has a maxi mum of 1 - ( 1 1 ) 2/s , and s =  center of mass energy 

squared . The 1 1  GeV/c2  parent was selected to s i mul ate a di stribution 

peaked near BB mass threshol d which one wou l d  expect for such a proces s .  

For the parameters a and a ,  we sel ect val ues characteri sti c o f  th is  mass 

range observed for h i gh mass muon pa i rs ,  a=O and s=l . 6 7 .6 )  Thi s  resu l ts 

i n  a BB parent state wi th <pr>=l . 2  GeV/c . The B meson mass val ues were 

set at 5 . 3  GeV/c2 • For the decay B->J/w+X , we take mx= l . l  GeV/c2 •  7l For 

the l eptoni c decay B+µ+X , we take the muon energy s pectrum i n  the B rest 

frame from a cal cul ation of Al i 8 )  wh i ch i ncl udes both primary and second

a ry decays . The acceptance for the th i rd muon from B decay i s  rel at ively  

i nsens i t i ve to  the  detai l s  of the  Monte Carl o s i nce the  primary source of  

transverse momentum i s  the  l arge mass of the  B state . Each of the  fol low
ing changes res ul ted i n  a l ess  than 5% rel at ive change i n  the acceptance ; 

a 1 2  GeV/c2 parent mass , a=l , s=2 . 6 7 ,  or a l  . 8  GeV/c2 reco i l  mass i n  

B+J/µ+X . A 1 0% i ncrease i n  average muon energy i n  the decay B+µ+X woul d 

cause a 20% i ncrease i n  the h i gh Pr acceptance .  

The 90% confi dence l evel upper l i mits  for BB meson producti on g iven 

in Tab l e  I assume a l i near atomi c number dependence, BR( J/W+µ+µ- ) = 0 .07 ,  

BR( B->J/w+X ) = 0 .03  2 •9 )  and  BR( B+µ+X ) = 0 . 1 8 . 2 )  Both the B and B are 

assumed to contri bute wi th equa l branchi ng rat ios  to the J/w and th i rd 

muon s i gna l s . 



TABLE I 

Cal cul ated 2 cr( BB) cr( BB) PT mi n No . of Background Monte Carl o BR( B-+J/ljJX ) ( 90% Conf . )  
of 3rd µ Events From 'If, K Acceptance BR(lr+µX) Decay 

1 . 4 GeV/c 4 2 . 016 1  <1 24 pb/nucl eon <l l nb/nucl eon 
1 . 5 2 l .01 35 < 97  < 9 

1 . 6 l 0 . 5  .01 1 3 < 81 < 7 . 5  

Our best l i mi t for BB production i s  w i th pT>l . 6  GeV/c (one event 
observed)  and i s  cr( BB) � 7 . 5  nb/nuc l eon .  It is i nteresting to compare th i s  
l imi t and the T cross sect ion measured i n  200 GeV/c 'lf-N i nteractionl O )  

with  s i mi l ar numbers for the charm quark states . We find  cr( BB}/cr(T) � 75 
and cr ( CC)/cr(J/� ) >l 00 . 1 1 ) The n umbers are comparable  al though one mi ght 
concl ude that a 3% branch i ng ratio  for B+J/ljJ+X is sl i ghtly opti mi sti c .  
A sma l l e r  branch i n g  rat io  woul d  weaken our l imit .  I t  woul d not remove t he 
d i screpancy w i th the observation  i n  Ref . l s i nce the branch i ng rat i o  to 
J/� i s  used there a l s o .  

Because o u r  vertex cut i n  the analys i s  i s  qui te loose , w e  are not very 
sensi t i ve to t he unknown l i fetime of the B meson . Only for l i fetimes 
l onger than 1 0-9 seconds i s  our l imi t appreciably al tered ( Fi g .  2 ) .  Thi s i s  
shorter than present experi mental l i mits  of 5 x 1 0-8 seconds 1 2 ) but long 
compared to theoreti cal estimates whi c h  predi ct a B meson l i fetime around 
5 x l o-1 3 seconds . 1 3 )  

1000 
:z 0 UJ _J (..) 100 => :z ...... 
..c 

c 

10 I CO  co 
b 

10- 10 1 0 -9 10-s 
B L I F ET I M E  (SECONDS ) 

Fi g .  2 . Li feti me  dependence of the BB producti on cross-sect ion l imi t .  

49 



50 

I I I .  LONG ITUDINAL V I RTUAL PHOTON 
A good dea l of the focus of the theoretical di scuss i ons at thi s  

conference has been o n  the quest ion of QCD and the probl em of i dentify i ng 
the rel evant subprocesses i n  the data . The l ogari thmi c Q2 dependence of 
the "radiative"  process cannot be di stingui shed from power law Q2 depen
dent "hi gher twi st  terms " i n  currently ava i l a b l e  data . I t  i s  i mportant 
therefore to l ook for k inemati cal  regi ons where an  i denti fi abl e s ubprocess 
i s  c l early domi nant . Berger and Brodsky1 4 l have suggested that the l arge 
xF region of h i gh mass  muon pai rs produced by p ion beams offers s uch a 
prospect . In thei r ana l ys i s ,  the di agrams s hown i n  Fi g .  3 domi nate and 

l ead to a pion structure function of the form; 

2<kT2> ( l -x1 ) 0  
f
1f

( x 1 ) - ( l -x 1  ) 1  + 

� 9 1 o;  
TRANSVERSE LONGITUDINAL 

where <kT2>  i s  the mean square transverse momentum of the ann i hi lat ing  
p ion  va l ence quark and  x1  i s  i ts momentum fract ion . The two terms have 
the i ndi cated associ ated vi rtual photon po l ari zat ion . Thi s expl i c i t  Q2 
dependence means that the pi on structure i s  not sca l e  i nvariant . Whi l e  
our current data are cons i s tent w ith thi s predi ction , 1 5 )  the data sampl e 
i s  not suffi ci ent to cl early i denti fy the expected l /Q2 dependence near 

X14l . The vi rtual photon po l arization offers a strong test of the model . 
In Fi g .  4 the variation of a w i th x 1  i s  s hown where a parameteri zes the 
pol ar i zation observed in the data : 

do 
dcose � l +acose 

where e i s  the pol a r  angl e between the anni hi l ating  quark di recti on and 
the µ-pa i r  di recti on in the pa i r  center of mass system . A transverse 
vi rtua l photon i s  characteri zed by a=l and a=-1 for a l ongi tudinal vi rtual 
photon . The data are consi stent w ith the model and new data from the NA-3 
experiment at CERN presented at thi s conference has confi rmed the effect .1 6 ) 



Fi g .  4 .  The dependence on a and 
x1 for p ion  produced muon-pa i r  
data w i th M >4 GeV . The dashed 

µµ 
curve i s  the expected resul t for 
the naive Drel l -Yan model . The 
sol i d  curve i s  the prediction of 
the Berger-Brodsky model . 

Fi g .  3 .  Hi gher twi st terms 
whi ch domi nate muon-pai r 
production by pions near xF+l 
i n  the Berger-Brods ky model . 
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Cl early more experimental and theoreti cal work needs to be done to 

unambi guously  estab l i sh that hi gher twi s t  effects are bei ng observed . Our 

current experimental effort i s  bei ng di rected towards thi s goa l . The rap id  

change i n  v i rtual photon pol ari zation near xF=l  ma kes the  muon pai r  data 

fru i tful areas for further enqu i ry .  
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