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We make definite predictions for spin asymmetries in the production o f  
gauge boson s ,  such as zO ,  w± and real y ,  at l arge pT (> 2 GeV/c) from 
longitudinal l y  polarized hadron beam and target using QCD perturbation 
theory and Weinberg-Salam model in the framework of the hard scattering 
model . Asymmetries typica l l y  at the 10-50% and 2 - 5% l evel are predicted 
for the weak bosons and real photon , respectively.  Experimental tests 
should be possib l e  in the near future , eg at Fermil ab ,  ISABELLE and 
col l iding SPS . 
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In large Pr hadronic production the hard scattering model and quantum 

chromodynamics have thus far been mainly appl ied only to the spin-averaged 

cross sections . Here I want to discuss spin dependence of the cross 

sect ions of hadro -production of hadrons and gauge bosons , such as meson , 

j et ,  real photon , virtual photon ( i e  massive l epton pair) and weak bosons . 

These' spin dependences can be definitely predicted in the framework of QCD 

and the el ectro-weak gauge model , such as Glashow-Weinberg-Salam model . As 

explained by Yokosawa in this conference ,  this type of experiment using 

polari zed hadron beams is now under construction at Fermi lab .  In the near 

future they wi l l  also be able to be measured at ISABELLEl )  and co l l iding 

SPS . These experiments give us a new kind of test  of QCD and the el ectro

weak gauge models  with regard to their spin structure s .  We can make 

definite predictions in princip l e  for spin asymmetries of any large Pr 
process in terms of the gauge model s .  Here I sho w how to calculat e  spin

spin asymmetry in neutral weak boson ( Z O ) product ion at l arge .Pr a s  an 

example . 

In lowest order QCD perturbation theory
2 ) the l arge transverse momentum 

(pT) of z O is basica l l y  generated by the hard parton process  of quark (q) 

antiquark (q) annihilat ion into a zO -gluon (V) pa ir (Fig lb) or by the 

Compton scattering of quarks and gluons (Fig le) , whereas the Drel l -Yan 

mechanism of Fig la produces only z O with Pr = 0 (neglecting the "internal" 

transverse momentum kT of partons inside initial hadrons) . 
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The basic processes of Fig lb and c have remarkabl e  spin dependences . We 

obtain differential cros s  sections for zO production from massless  partons 

with definit e  hel i c i ties  in t erms of the gauge mode l s  as fol lows : 



do -
q (hl ) q (h2 ) 

dt 

For q (h) + V (A) + z O + q ,  
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Here h1 , h2 , h (= ± 1 ) and A (= ±1 ) refer to parton helicities , Mz (� 90 GeV) 
is the mass of zO , b and a are the e l ectro-weak vector and axial vector 
charges of quarks , and °'s is the running QCD coup l ing . In the Glashow
Weinberg-Salam model one has 

e 
2 sin2 6  w 

bd • ( - 1 + � sin2e ) 3 w 

( 1 ) 

(2)  

(3) 

where u and d refer to up and down quark , e is the proton charge and ew i s  
the Weinberg ang l e  ( sin2ew � 0 . 23) . Combining these spin dependences with 
the experimental fact that the partons in a po lariz ed proton can "remember" 
the proton ' s  spin3) , we can calculate a spin-spin asymmetry in pt+pt + z0+x :  

a++ - a+-

Here one has in the hard scattering model 

E 
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dt 
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where pAH (x) represents the density of type p pal'ton with helicity A in 
the incident protc,n with helicity H . 4) The hadronic invariants s ,  t and u 
are analogous to the partonic variables s ,  f and u of Fig l ;  

t (7) 

The function llp(x) = p++ (x) - p_+ (x) represents the probability that the 
parton p "remembers" the spin of the parent proton. (Note that the usual 
unpolarized distribution is given by p(x) = p++ (�)  + p_+ (x) . )  For quarks 
the spin distribution llp (x) can be determined directly by measurement of 
the deep inelastic scattering cross section of polarized leptons and 
hadrons at SLAc . 3 • 5)  For antiquarks and gluons the spin distributions 
cannot be determined by the SLAC measurement6) . We can, however , estimate 
the distributions for these partons using. the QCD Bremsstrahlung mode15 • 7l 

along the same l ines as the QCD application to scal ing violations8 l . 

We can roughly estimate the typical size of the asymmetry ALL thus : 

ALL 
'\, llpl • 

llp2 • ,plp2 from '\, pl P2 
ALL eqs .  

,plp2 Here parton scattering asymmetry ALL 
do 

-

( 4 )  and (5) . 
a -a ++ +- (�A A A -
a +a 1 2 ++ +-

P1 c ;\ Jp2 C A2l 
�-"---==--��- ) is typical ly at the 100% level (see eqs .  ( 1 )  and (2 ) ) . 

dt 3) 1 The SLAC data suggest quark polarization llq (x)/q (x) � + 2 at an 
intermediate value of x .  The QCD mode1 5 • 7l predicts llq (x)/q (x) 
LIV(x) /V (x) � + t· Hence !ALL I "' }·t • 100% "' 10% typical ly .  

Predictions for zO production in proton-proton scattering with the model 
distributions of Ref .  5 are shown in Fig 2 . 9) The distributions are 
defined as follows . 

"Conservative model" u = d = (0. 39/x) ( l -x) lO ( l + ( l -x) 2) , u = UV + U, 
d = dv + d ,  V = (l . 97/x) (l -x) 6 ( 1 + ( 1 -x) 2 ) , Liu = lid = 0 . 13 (2 -x) (l -x) 1 0 , 
lluv = 0 . 44uv , lldv = -0 . 35dv ' Liu = lluv + Liu, 

LIV = 0 . 66 (2 -x) ( l -x) 6 .  
lid = lid + lid and v 

"Carlit z - Kaur (plus gluon) model" : u = d = (0 . 6/x) (l -x) 1 0 , u = uv + u,  
d = d + d ,  v = (l . 97/x) (l-x) 6 (1 + ( 1 -x) 2 ) , Liu = lid = 0 ,  Liu = v 2 1 cos (28) (uv - �v) ' lid = - 3 cos (28 )dv1 

and LIV = 0 . 4 3 (2-x) ( l -x) 6 with a 
dilution factor cos(28 )  = (l + 0 . 052x-2 ( 1 -x) 2) - 1 . Here uv = uFF - uFF 

, 



and dv = dFF - dFF where v and FF refer to valence and Field-FeynmanlO) . 
Both model distributions for quarks reproduce well the measured spin 
asymmetry in polarized lepton-hadron 
deep inelastic scattering3 • 5) . 

Here we note  that at sufficiently 
high energy ( ie  s >> M�) ALL scales 
with xF and xT in our model with 
parton distributions which themselves 
scale .  

In the same way we can make definite 
predictions of the spin-spin asymmetry 
ALL for the large pT production of 
charged weak bosons (W±) ,  real photons 

- + . 1 1 ) (y) , virtual photons (µ µ pair) , 
mesons (TI etc) and j ets5 • 12) in 
polarized proton-proton 
scattering . Typical sizes of J ALL J 
for these processes are summarized 
in Table 1 .  I am planning to 
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Fig 2 :  The gauge model predictions 
for the asymmetry ALL plotted 
against xT = 2pT/ls at IS =  800 GeV . 
The numbers on curves refer to  
values of XF = 2pb / IS. Solid 
curves :  "Conservative model" .  
Dashed curves :  "Carlitz-Kaur model" .  

publish elsewhere1 3) the full results of this article (including 
predictions for parity violating spin asymmetries in weak boson production) . 

Table 1 

z O  w+ w -
y* (µ-µ+) j et y TI 

JALL J (%) 10-20 20-60 10-30 2 -5  5 - 10  5-30 5 - 30 

Asymmetries of the size predicted here can be measured14) in the polarized 
beam experiments at Fermilab1 5) (now under construction) , ISABELLEl ) and 
coll iding SPS (possible) . These experiments provide rather direct 
information on the spin dependence of the basic parton hard scattering 
processes and can be used to t est various models16) . As for the gauge 
boson production at large xT the quark-gluon Compton diagram of Fig le 
is dominant in the framework of the hard scattering model ,  QCD and the 
electro-weak gauge model . The measurement of spin asymmetries in this 
process at large xT � 0 . 2  is therefore a direct way t_o confirm the ro�e of 
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the gluons in  the gauge boson production and to l earn about their spin 
distributions .  What we have shown in this note is that the approach 
based on the electro-weak gauge model and QCD which explains wel l the 
observed large Pr hadro-production of hadrons , real photon and virtual 
photon (ie lepton pair) , leads to sizeable  spin asymmetries in the large 
Pr production of the gauge bosons (y ,y* (µ- µ+) ,W± and zO )  as well as in that 
of hadrons5 • 1 2) . These will  provide a new type of stringent test for the 
QCD picture and the electro-weak gauge models (such as Glashow-Weinberg
Salam model ) with regard to their spin structure . 
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