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ION IN INCLUSIVE LAMBDA PRODUCTION Cb01/7bY~Jjff qrrelevancy , of this model . 
Lambda production i s  an ideal tool to probe the structure of 

K. Heller the strong interaction a t  high energies. Experimentally, i t s  
&iversi ty of Minnesota primary mode A O  + pw- i s  easily detected w i t h  a conventional 

@fmneapol is ,  Minnesota, 55455 charged particle spectrometer (Figure 2) .  Protons produce AO's 
. * 
: 1 ABSTRACT Figure 2: Fermilab 
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t quark productZon qchani ms. The inclusive magnet, M2 the spec- 
o compared w i t h  3 ?and pvoton trometer magnet, and 
agmentation region of 'the i ncildent proton Ci are MWPC's. A 

typical A 0  decay i s  
shown. 

INTRODUCTION 

The neutral hyperon beam collaboration a t  Fermifab i s  engaged 
I n ' ,  program using polarization as a probe of the hiqh energy pro- 
dllcUon mchanistns. In thls talk 1 will review +esul,ts which have 

; already l?een pub1 ished and present some new data which are s t i l l  
prel fminary. The people who have contributed to the aquis i  tion, 
analJtSis, and understanding of this data are: R. Grobtil , R. Handler, 
R. March, P. Martin , L. Pondrom, M. Sheaxf, C.  Wil kenkgg; Univer- 
s,j ty of Uhgonsin; T. Devlin*,g*,Edelman , R. Edwards , 
3. Norem , L. Schachinger , P. Skubic+: Rutgers '+Jniversity; 
P. Cox, 3. Dworkin, 0. Ouerseth: University of Michigan; G. Buncew, - P. yamine*: B~ookhaven National Laboratory; K. Hellert: 
University of Minnesota. 

4 About three years ago this group reported that A' hy erons g . ' ~rqduced by 300 GeV protons i n  the interaction P * Be + A + X 
\we* strongly polarized, as shown i n  Figure 1.1 This was the f i r s t  : . t,. % 
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Fi gum 1 : Polarization of /to 
for 3 tncident proton energies 
plotted as a function of p ~ .  
The average value of x = 
~t/(g/2) i s  given for each 
point. The magnetic moment rn 
nuclear magnetons, y, , for 
each data se t  i s  also shown. 

evidence that al l  spin effects do not die off w i t h  energy as had 
been expected. Predictions available a t  the time were based on 
the triple Regge mode1.2~3 These predictions called for inclusive 

A o  polarization to be zero and the polarizations of other i n -  
clusively produced baryons to decrease w i t h  energy. In spite of 
i t s  success i n  deal i n g  w i t h  productign cross-sections , the large 
A 0  polarization observed pointed out the failure, or a t  least 
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with a reasonably h igh  probability so that the production cross- 
section can be measured over a large re 8 ion of phase space. A t  the 
same time, the spin direction of the A sample can be determined 
from the asymmetry of the daughter proton distribution in the parit: 
violating decay. The analyzing power of the decay i s  65%. There 
is thus no need for rescattering, which reduces stat is t ics and has 
a very small analyzing power above a few GeV. The long laboratory 
lifetime, 7 meters a t  100 GeV, means that AOs can be passed througl 
a conventional magnet to precess the spin. Because the AO i s  
neutral, i t s  spin can be precessed through any desired angle, up to 
about 150° i n  our magnet, without changing the direction of the 
particle. The ability to control the spin direction allows the 
elimination of most asyrmetries caused by the apparatus. In additi 
the magnitude of the precession must give the particle's magnetic 
moment and i s  thus a powerful test  of the measurement. 

Theoretically, lambda production by protons can be approached 
from the quark viewpoint. In the interaction to be investigated 
one and only one valence quark has changed. An up valence quark 
i n  the roton has been exchanged for a strange quark, givin g to a A i n  the framentation region of the proton (Figure 33.rise 

Figure 3: Quark "black 
u u box" diagram showing an 

P d d ) incident proton ( u  .d,y 

(1' 
valence quarks) becoming 
a 1 arnbda ( u ,  d ,  s valence 
quarks) after an inter- 
action w i t h  a target 
proton. 
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A strange valence quark d i d  not e x i s t  before the iqteract-on,  so Ot 
must have been "created" by some mechanism during the interaction. 
The A O  i s  not simply a rearran e m n t  of the already exist ing 8 valence quarks. Because the A i s  a n  isosinglet ,  the synmetry of 
the standard s-wave quark wave function requires tha t  the spin of 
the A 0  be jus t  tha t  of the s q1~at-k. These wave functions have 
been successfully used to predict ba yon magnetic moments i f  t h  r quarks are given masses consistent w t h  hadron mass spl i t t ings .  8 
If the A 0  emerges p ~ l a r i z e d ,  wl-ich i t  does, the "created" s 
quark must be polarized. The basic mechanism involved i s  thus spGn 
depepdent. The properties of t r e  quark interaction mechanism can 
then be systematically investigeted by finding the kinematic 
depe'ndence of the polarization znd i t s  dependence on the quarks 
i nvql ved . 

EXPERIYENTAL RESULTS 

The published a ization properties of h igh  energy AOs 
produced by protons F1,S are: 

. I .  The A 0  polarization increases monotonically w i t h  p t  t~ over 
20% a t  p t  = 2 GeV/c. Because of  t i e  I? + AOy contr ibut im to  
the sample which di lu tes  the pdar iza t ion,  t h i s  i s  a lower limit 
of the A 0  polarization. 
2. ' The A 0  polarization is perpendicular t o  t?le production plane 
i n  the direction - (Gin )rl ace). 
! 3. The A0 polarization appears t o  be energ independent bletween 
. prston energies of 24 and 400 GeV (Figure 11. 
s 4. The parity violating component; o A 0  polarization are  both f consistant w i t h  zerc t o  a part  i n  10' . 

The only other h i g h  energy inclusive polarization data published 
show that  TOs prodcced by protons are unpolarized over the same 
kinematic region i n  which Aos shod substantial polarization 
(Figure 4 )  .6- 

Ficure 4: Polarization o f p  
an; A 0  produced by 400 Ge\r inci - 
der t  protons. The data f c r  both 
se t s  of points were taken a t  the 
same time. A t  a given p ~ ,  the 
-40 point represents the same 
average value of x as the 
corresponding A 0  point. 

In addition our group has preliminary data which indicate: 
zasion i s  probably also dependent on the 
n tum (Figure 5). Increasing w i t h  incretsing 

,:i~:~y,. .' 
T-11 , 

p t  
, 

Figure 5: The magnitude of the A' 
polarization a t  5 mrad appears 
systematically greater than tha t  
a t  7.2 mrad. This behavior indi- 
cates tha t  a t  a given py the 
polarization increases w i t h  in-  
creasing x. 

6. The A" polar'zation from Hz i s  the same as  from Be 
(Figure 6) ,  i ~ d i c a t i n g  tha t  the production mechanism Cs independent 
of target .  

The Hz t a t a  a re  s t i l l  being analyzed by R .  Grobel . Data 
ex i s t  a t  msnj  inzident angles so the analysis should also determin~ 
the dependence of the polarization on both transverse and longi tud 
nal kinematic variables. 

In anett e r  sxperiment our group examined the pol ar i  zation of 
AOs produced a t  90 by a 320 GeV secondary proton beam. The 
secondary proton beam was produced a t  3 mrord from a primary 
proton bean of GO GeV on a Be target .  The reaction was 
p + B e + p + X  

k t @ +  A O ~ X .  
An observed A 0  polarization would mean the produced protons were 
polarized. A null resul t  on the other hand would not exclude the 
possibil i ty o f  proton polarization. The data i n  Figure 7 show no 

A 0  polarizsticm. This is inconclusive but consistent w i t h  the 
resul ts  of the Indiana group t o  be reported a t  this c0nference.l 
Their more d i rec t  measurement of inclusively produced protons a t  
p* = 1 GeyIc shcws protons are not polarized t o  the same extent 

Figure 6: Polarization of 

aS  the A", 
Our g r o ~ p  bas also taken data of so production by protons; 

detecting both the A 0  and the TO (via 2y decay). These data 
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F igu re  7:  P o l a r i z a t i o n  o f  A0 
. produced by 320 GeV pro tons a t  0 

mrad as a  f u n c t i o n  o f  x  o f  t h e  Ao. 
The A0 p o l a r i z a t i o n  represents  the  
product  of t h e  p r o t o n  p o l a r i z a t i o n  
and t h e  s p i n  t r a n s f e r  i n  A0 
product ion .  

are undergoing p r e l  i m i n a r  a n 3 l y s i s  f o r  p o l a r i z a t i o n  by P. Cox, 
and should y i e l d  about 10f f u l l y  recons t ruc ted  sos w i t h  Pt above 
1  GeV/c. These - Os w i l  l then be used t o  determine Pz, f rom 
p  + Be + Z0 + X,  and t h e  magnetic moment o f  t h e - 0  . 

Another approach t o  i n v e s t i g a t i n g  t h e  E0 p o l a r i z a t i o n  has 
been takem by o u r  group. I n  o u r  prev ious data  on A0 p roduc t i on ,  
most of  t h e  AOs recons twuc te " j  by  o u r  spec t rone te r  p o i n t  back 
p r e c i s e l y  t o  t h e  p roduc t i on  t a r g e t  (F igu re  8 ) .  A  smal l  f r a c t i o n  

I I  

F igu re  8 :  Whon t h e  recons t ruc ted  
AO t r a j e c t o r y  i s  e x t r a p o l a t e d  
back t o  t h e  p lane c o n t a i n i n g  t h e  
p roduc t i on  t a r g e t ,  r i s  t h e  
d i s tance  from t h a t  p o i n t  o f  
i n t e r s e c t i o n  t o  t h e  t a r g e t  
cen te r .  The -adius o f  t h e  
t a r g e t  i s  3  mm.. - 0 aY 064 CBI ' r' In &at P r o d d i  Torwl 

do not .  These l a r g e  r 2  jk0s were analyzed by E. Bunce and 
0. Overseth t o  determine i f  they  .could be daughter Aos f'rom 
: 0 + Lo T'O. I n  t h a t  dec:ay t h e  A0 r e t a i n s  a  s u b s t a n t i a l  
f r a c t i o n  o f  t h e  -0 p o l a r i z a t i o n  i n  t h e  l a b o r a t o r y  frame. The 
ve r tex  d i s t r i b u t i o n  o f  t k e  l a r g e  r2 @s (F igu re  9 )  i s  c o n s i s t e n t  
w i t h  a parent-daughter decay such as O + A O O . ,  A .  Th i s  
ana lys i s  g ives  t h e  r e l i m i n a r y  r e s u l t  t h a t  p  + Be -t :O + X g y i e l d s  p o l a r i z e d  s. The p c ~ l a r i z a t i o n  i s  c o n s i s t e n t  i n  
maghitude and d i r e c t i o n  h i t h  t h a t  o f  t h e  Aos, P  zo = -0.09 f 
0.02 a t  py = 0.73 GeV/c, x  = -26. These data g i v e  a  magnet ic 
mom$t o f  t h e  Z O  o f  -1.2,O f C.06 nm. 

i. 

''T Figure  9 :  Ver tex  d i s t r i b u t i o n  f o r  A'S 

which p o i n t  back t o  t h e  p r o d u c t i o n  t a r g e t  
(smal l  r 2 )  and v e r t e x  d i s t r i b u t i o n  f o r  
AOs which do n o t  p o i n t  back t o  t h e  p ro -  
d u c t i o n  t a r g e t  ( l a r g e  r 2 ) .  

o m IMX) I= 
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CONCLUSIONS 

Lambdasand -Os produced by pro tons a re  p o l a r i z e d  a t  
p~  > 1  GeV/c w h i l e  T s  and pro tons a re  n o t  (F igu re  1 0 ) .  Both 
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F igu re  10: Summary o f  
h i g h  energy p o l a r i z a t i o n  from 
i n c l u s i v e  p roduc t i on  o f  baryons 
a t  p ~ d  1  GeV/c by pro tons.  

p o l a r i z e d  p a r t i c l e s  a r e  baryons, presumably m a n i f e s t a t i o n s  o f  t h e  
i n c i d e n t  p ro ton  w i t h  a  quark change. The A0 has n o t h i n g  i n  
common w i t h  t h e  i n c i d e n t  p ro ton  and t h e  p r o t o n  does n o t  . 

n e c e s s a r i l y  i n v o l v e  t h e  c r e a t i o n  o f  any new valence quarks.  
A  theo ry  o f  quark i n t e r a c t i o n s  shou ld  e x p l a i n  t h e  l a r g e  

p o l a r i z a t i o n s  observed. QCD g ives promise o f  be ing  such a  
theory .  However, an a n a l y s i s  o f  Kane, Pumplin and Repko, which 
w i l l  be d iscussed a t  t h i s  conference, shows t h a t  a  QCD pe r tu rba -8  
t i o n  kxpans ion would n o t  a l l o w  t h e  l a r g e  observed p o l a r i z a t i o n s .  
They conclude t h a t  i f  t h e  e f f e c t  does' n o t  d i e  o f f  a t  t ransve rse  
momenta where t h e  theo ry  i s  expected t o  be v a l i d ,  e i t h e r  QCD o r  
t h e i r  a n a l y s i s  method i s  i n c o r r e c t .  An exper iment by o u r  group 
t o  extend t h e  measurement i n t o  t h a t  r e g i o n  w i l l  be r u n  a t  
Fermi lab w i t h i n  a  yea r .  
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