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ABSTRACT 

Cross sec t ions  f o r  d i f f r a c t i v e  rho  muo-production i n  hydrogen a r e  

presented f o r  90 < v c 135 GeV and P2 < 5 ( ~ e ~ / c ) ' .  The r e s u l t s  a r e  

canpared with lower energy da ta  and t h e  p r e d i c t i o n s  of simple vec- 

t o r  dominance models. 
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We have extended the  study of rho meson lepto-production t o  higher 

energies. The experiment w a s  performed a t  the Fermi National Accelerator 

Laboratory a s  pa r t  of a comprehensive program of muon scat ter ing using the  

spectrometer constructed by t h i s  group. Details of the  apparatus have been 

L described i n  previous l e t t e r s .  150 GeV pos i t ive  muons were incident upon a 

1.19 meter l iquid hydrogen ta rge t .  The experiment t r igger  required t h a t  a 

muon leave the beam e i ther  by sca t te r ing  through a large angle (; 1 4  mr) or/  

and by suffering a large energy l o s s  (k 90 GeV). In t h i s  paper data  a re  re- 

2 
ported for which 90 < v < 135 GeV and Q < Q2 < 5.0 (~ev/c) ' ,  where v is 

min 

the encrqy l o s t  by the scat tered muon, Q~ i s  the  square of the muon four- 

momentum t ransfer ,  and 
2 sin i s  the  minimum kinematically allowed value of 

Q2 a t  a given V. 

2 .17~10~ '  incident muons yielded 150K t r iggers .  Events i n  which a 

scattered muon was reconstructed were examined for  evidence of the production 

of hadronic pairs .  Since the  r eco i l  proton was detected in  only a small 

f ract ion of the events, t h e  select ion c r i t e r i a  required t h a t  

1) one posi t ive and one negative p a r t i c l e  be observed i n  addition t o  

the scat tered muon, 

2 )  the production vertex occur within t h e  t a rge t  f iduc ia l  volume, and 

3 )  the  measured momenta reconstruct the  energy of t h e  incident muon 

within 3.0 GeV (aRMS = 1.1 GeV. ) 

The invariant mass of these e l a s t i c ,  neutral  p a i r s  was calculated 

assuming t h a t  both pa r t i c l e s  were pions. This sample contained a large num- 

ber (% 70%) of low mass (< 0.5 GeV), electron-positron pa i r s  from purely 

electromagnetic processes. These were ident i f ied  by observing t h e i r  cascade 

showers behind a 3 r.1. s t e e l  radiator .  Since pions could a l so  generate 

such showers, a clean separation of events was achieved by demanding 

4 )  a pair  opening angle greater  than 5.0 nr. (aRMS = 0.6 mr.) 



Polynomial f i t s  t o  the  background outside the energy balance cut  (3) 

indicated a  16% contamination due t o  hadronic pa i r s  with one o r  more unde- 

tected,  slow pions. This background was reduced t o  3 2 2%, independent of 

2 Q and v, by requiring tha t  

5) the four-momentum t ransfer  squared t o  t h e  proton a t  the  production ver- 

2 tex,  t ,  sa t i s fy  It1 < 0.6 (GeV/c) . (amS,,, Q \ I18  GeV/c) 

The resul t ing sample of hadron p a i r s  contained 184 events. These data  

2 were grouped in to  Q and v bins (Table 11, and corrected fo r  beam reconstruc- 

t ion losses  ( 2 4 % ) ,  pion absorption (6.5%/pion), chamber ineff ic iencies  

(7.0%/particle),  reconstruction inef f ic ienc ies  for  t racks  close t o  the  beam 

(between 0 and46%; 5% average), t r igger  inef f ic ienc ies  (between 2 and 1 2 % ;  

average7%), multiple sca t te r ing  and resolut ion smearing (between 1 and 8%; 

average 3 % ) ,  and geometric acceptance. Since insuf f ic ien t  empty ta rge t  

dipion data were avai lable  for a  simple subtraction, a  5% correction factor  

was employed t o  remove the contribution from the t a rge t  vessel. The t o t a l  

systematic uncertainty is estimated a t  70. 

Table 1 Bin Kinematics 



2 Dividing by the usual v i r t u a l  photon f lux fac tor ,  we derive cross 

2 + 
sections doldmdt (Q ,v,m,t) for  the reaction y 

v i r t u a l  + p + n  + T I - + p .  

Here m is the dipion mass. Radiative corrections were applied following the 

general formalism of Bart1 and ~ r b a n . ~  These increased the observed cross 

section by an average of 3% a t  Q' = -05; 89 a t  Q2 = 2 . 5 ( ~ e ~ / c ) ~ .  In  each 

p2, V bin the cross section was integrated over t. The prescription of Yennie 
4 

was employed i n  f i t t i n g  the resul t ing mass spectra. A p-wave, Breit-Wigner 

rho was allowed t o  in te r fe re  with a d i f f r ac t ive ,  but nonresonant, dipion back- 

ground. The rho mass and width were fixed throughout a t  0.77 and 0.15 GeV 

respectively. The spectra were f i t  i n  the mass in te rva l  0.4 t o  1.1 GeV t o  

the following form as  smeared by the calculated resolution \ 

2 m - 4m,, 
where 

and the C ' s  a r e  the f r ee  parameters of the f i t .  The r e s u l t s  of the f i t s  were 

used t o  obtain cross  sections for  the  process y v i r t u a l  + p + p + p .  F i g u r e 1  

presents the unsmeared mass spectra and f i t s .  

Photoproduction cross sections were extrapolated from the measurements 

2 
below Q~ = 0.3 ( ~ e ~ / c ) ~  assuming o (Q ) = (0) (1 + Q2/m2)-2.  Figure 2 com- 

P P P 

pares these r e su l t s  with representative lower energy data. The curve i s  the 

quark model prediction re la t ing  t h i s  process t o  e l a s t i c  pion scat ter ing via  VDM 
5 

calculated using the col l iding beam value for  the rho-photon coupling constant. 

Although the data  exhibi t  no s igni f icant  energy dependence within our kinematic 

range, the r e a l  photon production cross section f a l l s  from about 20 !.~b a t  s = 5 GeV 
2 

2 
t o  7.9 2 0.8 !.Ib near s = 200 GaV . The obsegved decrease agrees well i n  both 

shape and magnitude with t h i s  model. A much be t t e r  f i t  i s  obtained with 

yE/4,, = 0.72 indicating a mild dependence of the  coupling constant on the 

photon mass. 



2 f igure  3 d i sp lays  the  Q -dependence of  t h e  observed production c r o s s  

sec t ion ,  averaged over V ,  along with low energy d a t a  from Cornell.6 Onqe t h e  . . 
s-dependence of  t h e  r e a l  photon c r o s s  s e c t i o n  i s  removed, t h e  d a t a  a r e  

remarkably energy independent and f i t  q u i t e  well  t h e  same rho propagator 

squared form f a c t o r  of  naive vec to r  dominance7 used i n  t h e  photoproduction 

ext rapola t ion .  

The t - d i s t r i b u t i o n s  were f i t  t o  a simple exponential  normalized t o  t h e  

observed production c ross  sec t ion ,  (upb)exp(b t ) .  f i g u r e  4 d i sp lays  these  

data and f i t s  f o r  var ious  Q' b ins .  The d a t a  suggest  a broadening with 

increas ing Q' but a r e  a l s o  c o n s i s t e n t  wi th  a s i n g l e  s lope  parameter 

b = 7.3 + 0.7 ( ~ e ~ / c ) - ~ .  The d i s t r i b u t i o n  a t  high Q~ appears f l a t t e r ,  b u t ,  

being based on only 11 events ,  t h e  uncer t a in ty  i s  l a rge .  Preliminary a n a l y s i s  

of deuterium data  i n  t h i s  same kinematic region does n o t  support  t h i s  high Q 
2 

8 
e f f e c t .  Nieh has used a vector  dominance model t o  p r e d i c t  t h a t  t h e r e  w i l l  

be no f l a t t e n i n g  of t h e  t - d i s t r i b u t i o n  f o r  Q~ < 2 0 ( G e ~ / c ) ~  a t  t h e  energies  of 

this experiment. 

The angular d i s t r i b u t i o n  of t h e  decay pions has been s tudied ,  y ie ld ing  

information on t h e  spin  s t r u c t u r e  of  t h e  production process.  Since the 

po la r i za t ion  parameter E ,  of t h e  v i r t u a l  photon beam is  not  l a r g e  i n  t h i s  

kinematic region (Table l ) ,  t h e  e f f e c t s  a r e  n o t  dramatic.  Assuming s-channel 

h e l i c i t y  conservation and dominance of n a t u r a l  p a r i t y  exchange, t h e  da ta  

were f i t  t o  
9 

1 3 2 2 
w ( ~ o s e , + )  = - - { s i n  ~ ( i  + E C O S ~ Q )  + ZER cos e 

1+ER 81T 
P 

P 

where R i s  t h e  r a t i o  of t h e  long i tud ina l  to t h e  t r ansverse  rho  productio'n 
P 

cross  sec t ion ,  6 is the  phase d i f f e r e n c e  between t h e  long i tud ina l  and t h e  



t r ansve r se  amplitudes, and P i s  t h e  muon beam p o l a r i z a t i o n  (% 0.7) .  Here 0 

is  t h e  p o l a r  angle of t h e  T+ i n  t h e  r h o  rest frame with z-axis  opposi te  t o  

t h e  d i r e c t i o n  of t h e  recoil proton  and J, is t h e  azimuthal angle of t h e  n + 

referenced t o  t h e  muon s c a t t e r i n g  p lane .  

2 Figure 5 d i s p l a y s  t h e  d a t a  f o r  s e v e r a l  Q b ins .  The r e s u l t s  of t h e  

2 f i t s  a r e  presented i n  Table 2. I n  c o n t r a s t  t o  t h e  low energy ( s  < 4 GeV ) 

10 2 
d a t a  from DESY , t h e  s i t u a t i o n  a t  high energy e x h i b i t s  mild Q dependence. 

R remains small  a s  Q~ inc reases  t o  1.0 (G~v/c )  2.  The phase d i f f e r e n c e  is  
P 

c o n s i s t e n t  w i t h  ze ro  everywhere measured. 

Table 2 SCHC F i t  Resu l t s  

2 
<Q >(GeV/c)2 <E> Rn 6 (degrees)  
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2 Figure 1. Dipion mass spectra fo r  various Q ranges. 

Figure 2. E las t ic  rho photoproduction cross sections.  The curve i s  
drawn using the  col l iding beam value fo r  the rho-photon 
coupling constant. 

2 
Figure 3. Q -dependence of rho muo-production. 

Figure 4. t-dependence of rho muo-production. 

~i~~~~ 5. Decay angular dis t r ibut ions.  The so l id  l i n e s  a re  the SCHC f i t s  
to the data. 
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