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I. Introduction 

Only few studies have been made on polarization effects in 

inclusive processes at high energies. At the same time it is well 

known that such effects in elastic scattering "tn't other binary 

reactions are very sensitive to their mechanism. 

In the present paper reactions with a polarizen tarF-et are 

considered in the beam fragmentation region. Of course, the results 

obtained are applicable to reactions with a polarized beam in the 

target fragmentation region as well. 

Polarization phenomena in inclusive processes with a polarizer\ 

target in the region of its fragmentation rlo not provide entirely 

new information except that of binary reactions anrl we shall not 

touch upon them. For some polarization effects in this region, see, 
/1/ e.g., ref. • 

Abarbanel anrl Gross/ 2/ have noted that the asymmetry in the 

reactions 

a + b(t) -. c + x (1) 

with the polarized target b in the beam fragmentation region 

vanishes if one restricts oneself by pole approximation in the 

Mueller-Kanchely diagram (Fig.l) 

Q. ' ~ ~ 

~~< ~&,· 
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k t' 
c ' .a 4 
Fi~~:. 1 Fig. 2 

This is due to the factorization property of the reggeon amp­

litude, which admits the particle b polarization to be correlat-

[
-+ ... ,1 ~ ... , 

ed with the vector ~. k only, where k and k are the ... ...., 
initial and final momenta of the particle b. However, k • k 

and the spin dependence of the process (1) cross section vanishes. 

It should be emphasized that this result is. not general and 

takes place in pole approximation only. Contrary to the binary 

process the particle b can flip its helicity in the forward 
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scatt..erint! abC ~ abC, ~ven if f\ 'lnd c are ~q>inless due to the 

rh:ut.-o'"e of the aC p:.u•ticle system helic.ity. So, Lhe niiture of the 

Cl,OSS SACtion asymm-~tr•y in the revion of the bo~m fr~~mentation i~ 

fl" ite s.imil.·u~ t-o t.he sp.i.n-spin correlation in the binarv fnr·ward 

sr'ltterin£F anul itwiP., Tn both cases, there is no effect in the pole 

<l~>'H'nximation hut it emerr-es when the ne,!!ge ruts ~re t·1ken into 

"ccount (Fit'". ? ) • 

The content 0f the paper is arr'lngerl as follows: Section Il 

considers the t1·L>le R.•"rr·e repion of reaction (1). The graph" m~>k­

in~· the m~in contr·ibution to the iAclusive cross section and its 

.~«vmmet.r·y ~r·.,.---1dentifierl. Some of the tr·iple-~ef!l'"e vertices ~>r·e 

!nlO\\o'tl ft·om the ~n-'ll y~ic::; of the inclusive reactions with untJO larized 

.>:t rt ir 1 es/l/, t.ho«P of them which cannot be extr·acted fr•om th" 

;w,d.bthle d'lta "re estimatec: in the one-pion exchange model (Oi'E). 

So, the rontr•ihution of the ,liagram in Fig. 3a carr be calculated. 

Formulas for tl>e eeneral dial'"ram contribution to the scattering 

'l"<ymmP-t"Y of this type are obtained in Section TT. 

c 

I I 
a) b) 

Fiv •. 1 
The charge exchange reaction 

,.-t p - 71° X 

' 

~ 

f 

c) 

4 

( 2 ) 

io; considere·i in Section III. The numerical estimation of the 

asymmetr·y is ,>erformerl. 

In Sect.ion IV the reaction 

+ + Jr-p--.1f-X (3) 

is an'llyserl, The asymmetry in this reaction turns out to he very 

«m.~J 1. 

In Section IV it i.o; shown that the large asymmetr·y (about 10~) 

for small M 2 
measurer! in the experiment at ;l GeV/c may be explainer! 
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by the direct interaction of the incident pion with the 1>0.Iarized 

proton quark. 

The f'!rn;:>hs shown in Figs •. 1b and .1c do not contt·ihut P t.o s,>in-

'3;>in correlations in the reactions ;>p ~ pX, flP - 1\ X, etc. 

The numerical estimation of such correlations for the Peaction 

ilP -+ pX is l'"iven in Section V. The Cmm comr1onent of tbe corre­

lation tensor turns to be of the order of 10-J. 
TJ. Scatterinr Asymmetry in the Triple Regge Re£Fion 

Consider the triple-Re~~:ge region of t•eaction (.I): 

S » H2 )) S , where S is c.m. total enertry .->c:u-H'<·,.i, II is the X 
0 

system effective mass, S
0 

is a scale factor, for which we '!dopt 

the value S
0 

= 2 mN2 in accor,lance with ref./">/. The cr·nph in 

Fie.l can be redrawn in the form of an ord.inary t•·i pl c l~cf"l'e l!raph. 
:{ts ~;ontribution to the cross section is domin;1nt. The rrr·a ,>h 
1n F1e, 2 can be replacer! by the sum of ~r.raphs shown in Fil.'. ~. 

In accordance with the. Kanchel/6LHuellP-r/?/ eencrali7ed 

optical theorem the reaction (1) cross section i« det.ermi n.,cl hy 

the ~2 discontinuity of the forward scatterin~r amplitude abr­

abc clenoterl by FA~' (s, q
2

, H
2 

) 1 A, A1 
are the rartide h initial 

ancl final helicities, <t is the tr·ansversal momentum tr·an.sferred, 

The inclusive cross section is equal to 

:;has z~ D;seJ..tL FH ( ,, q..~ 1-11
) 

and is given by the well-known expression: 
d 1 6 4 <~I z · ,t;) .t) .,C ... } 

SJi~l-ft.""?';.~s,/11 (tf)N''('f :V (o)~~t.(4,q,,oj• 
&) *';J ')r: )ot .. (o)-o/;(11)-olj(t)rs )cx'a(o)·i (4) 

'7~(4 1i (Cf ,.:(- )( lS. 
ller·e N(i 

1(f') are the ~e~l'"e-J>articlc ]nteraction vertices; 

vijk(ki' kj' kk ) 

RP.tre:eon momenta; 

j s t!1e tt·i ple Retrf(e vertex rlependine: 

tl ( 2) =-t+6e~tpl·iJro((~~l 
"( j q · S;.l<\li'OC;,(qt) 

I L 
is the sil'"nature factor; ot(ql) ., o((o) -cl. q 

on the 

is the 

Pe~r.e:e trajectory; 

iri.v~riant, 

X zp!/rs ~ 1 - H
2 js is the Feynman 

The 11symmetry parAmeter € is rlefine<l "s 

~) (-j 
a. l' 6 .... - 6; .. , 

£ (S, q I 1-f ) ,. 6(+-) 6 (-l 
t"" + , .. " 
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where 
dZ..6 (:t) 

6~,.v = s d q..>.d H'­
invari~nt croqs section with the target b 

is the reaction (1) 

lOO% polarized "up" or 

"down" rel~tive to the vector normal to the scattering plane. One 

c~n rewrite ( S) us in!!" F >.>.' in the following form/ l/, 

E.(S a ... H"L) _ • Disc..,_,:L!=+- (s 11:L HL) 
'I TJ -L ·

1 
7 I 

Di.sc.Ha. {:++ (s, l}-~ Ml) 
(6) 

The cont~bution to the numerator of this expression arising 

from the graph in Fi~?:. 3a and the graph symmetrical to it relative 

to the Reggeon rk can be found by using the Gribov calculus 

rules/:'/ 

6 
O(t(o}+olrc.(o)- i. 

'1tsc.f.4:a.. F+_(s, CJ-~ML) - - ~ ( ~) x 
4.,.,.,,.,so S. 

"(1-x} cx,._(o)-oiJo)-ofj(") N(j) N(i,l)/1/+C:It.) fji,jl< It 

"Rt{~;(o)~e(o}1t(o) ~i el(p[-q.z.(t1t+ ll.:(A_:+AeljJ}. 
The following notations are used here : 

A.: ... 
1\· J 
1\,._ :::: 

11e "' 

"' 

(q)L L. I [ /) • 1 e. + 'r-,:- o/i -c..(r-xJ + fl 
R.ct~)z. .~. '[ 1J • tr] - + 't· - o(. -c..U-1e) + "f 

lct>a. ;) :J, 
R" + <r.: + o(~ r e..c!-lCJ- e. ~.1 
fl~"1 ~. + R~41 ,_ + olt [ & %. - ~:] 
A, +Aar.+At 

The calculation of the graphs 3b and 3c is more complica­

ted and we shall return to them below. 

III. Reaction 1f ~ p -+ 7r0 X with Polarized Protons 

(7) 

The contributions of the ,F and Reggeons with 

will be taken into account. 

cX(O) l':::l/2 

Then the diagram of Fig. 3b does not contribute to the 

asymmetry of reaction (2) because of the identity of 9-Reggeons. 

The graph in Fig. 1c in the j representation contains the pole 

6 

and the cut contributions in the ri channel. The pole contribu­

tion vanishes because of the identity of Reggeons and the contri­

bution of the cut has been already taken into account by diagram 

3b. For the estimation of the latter the eikonal approximation was 

used. The small spin-flip part of the pp~ and ppf vertices was 

adopted to be absent. As a resultthe<liagram in Fig. 1a reduces 

to the number of graphs in Fig. 4. 

lf~-·f ..... -
f'-

,. z 

r r 
W

n• "If" 1f" ~1f• If" Tw-,;• 7( T 9- o" 

- r f'-

y• f f of p• 

r r r P r , 
a) b) c) rl) 

Fig. 4. 
The graphs in a) and b) lead to the asymmetry decreasing as 

S-l/Z; the contribution of the graphs in Fig. c), rl) behave as 

s"1 when S rises. 

Note that the asymmetry parameters for the inclusive reac-

tions of 11 + and l" charge exchange are connected by the 

"mirror symmetry" equation: 

c ( 7r+p -+ JroX £ ( ,.- p _... :lr"DX ) • 

The asymmetry parameter ! correspondin~ to the ~raphs in 

Fig. 4 was calculated using expression (12), the parameters 

being taken from ref./ 3/ • 

( 8) 

Triple Re~~:ge couplin~s with zero momenta transferred were 

calculated in the framework of the one-pion exchange model/8, 9 I. 
Their momenta dependence was parametrized as in rer/3/, the corres­

ponding radii were adopted to be equal to those of the two-pion 

Reggeon verticies. 

The numerical results at S = 80 Gev2 are shown in Figs.S and 6. 

Note, that the use of the quasi-eikonal model requires this 

value of £. to be multiplied by the shower strengthening factor 

(which takes into account the graph in Fig.3c contribution as well) 

about l. 5 • 
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IV. Asymmetry Parameter in the Reaction )J ~I' + 
- 1f -'1( 

The calculat.ion of the contribution made hy the cliapr•ams of 

the type "!'town in Fip, .1a is quite similar to th.~t. for tl1e r<.,tction 

'{ ~IJ - Jr
0 

)( which h'ls been consi<'ered in the 1>t·evious .se<'tion. 

This contribution to the asymmetry par,.meter of the reaction" 

Jr±P _..T~X is shown in Fip.7,8. Note that in thic; c~se the :mra­

meter e h'IS the opposite Ril'"n 'lnd iS by an order Of magnitude 
smaller com,>'lrerl to the elas;1c asymmetr·y. This sn,>preRsion is :lue 

to the excessive factor 6tot/Jo'I'A enter·in~r into the ex,>res,inn 

for inclusive asymmetry a.s com~Jare(~ Lo the ex;1ressinn for t!le 

el,.,.ti.c asymmetr·y. It is clear that this ex:>r•ec;sion takes ;Jl.~ce 

for the <liap:r'lm in Fir-•. 1h 'IS well which we have f'liled to e<;tim­

ate correctly becauRe of the pr·esence of the unknown four-'{ei"Penn 

couplin,!'!. This praph has been consicler·e•l in cleta i I in ref ./lo/. 

Then we expect the contribution of the f'''aphs of this type to he 

of the same orrier as that of the rl ia~r·amR <>hown in Fil!. 1a. So, 

the statement about the smallness of the asymmetry of this ~roce<>R 

seems to be tr·ue thouph the contribution of gra,>h ]b is unknown. 

V, The Ouark ~lorlel 

The measurements at 8 GeV/c/4/ h'lve shown that the asymmetry 

parameter E (, s, q 2 , M
2 

) in reaction (3) is relatively larrre 

in the small M
2 

rep:ion (see Fip. <J), Aut it has been found in the 

previous section that f shoulcl be suppressed ( ~ l~). Stricti v 

speakin,!'! there is no contra<liction here, because the tri 1>1 e ~egee 

re(lion, where all the calculations have been performed, emerr;es 

in inclusive reactions at few tens GeV only, Nevertheless, such 

riramatic distinction between theory an•l expe~iment is surpr·isinr: 

because the duality allows one to use approximately hil!h enerp.:y 

calculations in the low energy region. Formula (4), for instance, 

reproduces on averag:e the inclusive cro"'R section behaviour at 

small M2 values. llevertheless, such extrapolation is not permis­

sible in the case of the asymmetry I>arameter. Inrleed, let us con­

sider the rlial!ram in Fip:, 10, wher·e the inci•:ent pion is sci'lttereri 

elastically on one of the proton quarks. If quarks after interac­

tion combine the proton, then the elastic event takes place. The 

9 
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inclusive process occurs when the quarks build few hadrons in the 

final state. Since quarks "re polarized, the inclusive scatterin~ 

asymmetry should be equal to the elastic one and not depend on the 

final interactions: 

quark 2 ~ f. ( s, t, M ) = ~el (s,t) 
1ncl. 

( 9 ) 

As M2 increases the Fig. 10 <>:raph contribution to the 

inclusive cross section is decreased as compared to the multlperi­

pheral (MP) type processes, where particles are emitted in succes­

sion, as is shown in Fig. 11. Such processes give a very small 

contribution to the scatterinv, ,qsymmetry as has been shown in the 

previous section. So, one can write down the followinv relation: 

£incl. (s,t,M2 ) = 6 ~uark /6 . C 
1
(s,t 1+6':'fP 16. x 1nv 1nv e - 1nv 1nv 

x c(MP) c s, t, M
2 

1 ( 10) 

If M
2

- s , then the first term dominates and l. 
1 
~ ~l 

o 1nc ~ 

in accordance with the experimental data. [. . is decreased 
2 2 1ncl. 

with increasing M ami at M )} s 
0 

the second term in ( 10) 

dominates, i.e., the previous section results are valid. Experi­

mental data in Fig. 9 do not contradict the zero value of ~ 

VI. Polarization Correlations 

There are polarization phenomena where the diagram in Fig.jb 

does not contribute to the effect. It is interesting to study them. 

Tn~ charge exchange reaction which was considered above is the 

first example. Here we consider the second one. If a and b 

in (1) are particles of spin 1/2 PP -. pX, pp ~A X, etc.) 

there is a concept of the polarization correlation tensor Cik 

and a tensor of polarization transferrence Kik (the definition is 

analogous to the usual one for the binary reactions/ll/).In the first 

case the polarized 

In the second case , 

beam and the polarized target are necessary. 

it is convenient to study the reaction 

pp( t) -. 1\ X, where the polarization of 1\ may be determined 

by the study of the 1\ decay distribution. The factorization 

of Regge residues requires the diagram in Fig. 3b to contribute 
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to the tensoP como>onents r:nn ;ul<' Knn only, Othel' nonv'tnishin~ 

r.omponents (:mm' r:ml (Kmm' Klnl) c-,ntain the contPihution of the 

fTP;q.>hs of the ty,>e shown in Fjp-, 3a. These components wel'e comput­

n.f an·' are e~tt~] to 
x-/11 

A -K:: (J· 0 Ll 
~N~ ** - ~----

6~ .. "' 
C-t : K.,.e = J{f A ~ 

64 .. " 2. WI AI 
~AI 

S',.sa..q.. ""(v.,."' r,._ vr"') 
,6-'c --!..j~J~ "tto lrc.o ~ - lw . .t • 

NII..,_,N tlo 

( (~~""' ~ _ v.rr") ( ~) OCt~ol ... -1( _ )oc'11. -GC•-alj 
.. o vNN O•L "' ~ )( 1C 

•to 1 &. 

Re.f(i6,.tz;lte7/);f~xp[-~a..(A< +Aj- lt</A)J} 
rAI r AI ~~~ .N ~ 

~.,. ~o(4.)S,:a 9-j <8-io(t); J'JrljO{I.)So• ~jo ~jOU.) , 
(Ill) 

where <}j o,t ar·e the non-fl i r> and s,Jin-fl i 1> two-nucl con 

~!e(T(TP.on coupllnP"s. 

( 1 t) 

( 12) 

( 18) 

. , 

The numeric a 1 values of these components tur·n to be very 

smal 1. The X an.: t. de 1>endence of Cmm = Kmm at 1> = 40 GeV/c is 

shown in F11':. 12. The value of Kml = Cml is still two order·s of 

maenitude sm'lllfw. 

VJl. Conclnsions 

So fal' we havn sear·chrod fol' the effects to which ~rar>h 3b 

does not contribute. On the other hand, it is of interest to study 

the 1>henomcna wher·e the rontr·ihution of this l!r,.ph is anyhow out­

line.!. r:onsioler tho cort·e] at.ion of the asymmetl'y in ''''oress (1) 

atv' 'lhe mu.lti 1>licity of ,>articles tJrodurerl in this r·eaction. 

When the numher of the lC-system partir.les is larl!:er than 

the mean X-mul tij>] id ty, tloe rontr·ibutions of the triple Re~~e 

~r·aph in Fil!. 2 anol the l!'l'aph in Fi(', J ... ,c decreases. At 'ohe same 

time, the discontinuity throur-:h both the Rel!'veons K ancl f which 

corresponrl to the simultanenuo; pror\uction of two multiperiploet•al 

la<lders, the mean multi;>licity in each ladrler is about (n). 

Then, if n > (n) , t.l:e comparative contribution of the 

diagram in Fitr. 1h to tJ1e numeratot• and denominator of expression 

( 6) i ncre'lses. So, in the multi pl i r.i ty rep ion n =:- 2 ( n} the 

12 
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wei17ht of the contr'ihution of tl>e gPa;>h in F.i~·. \h, to hoLh F+­

anr1 F ++ in expression ((,) jnc.renses, tl'e :lSVMrt!etr-y rises ·luf'! t-n 

the decrease of the denominator in (o). 

The results of this work 1Jrove the interest i ·1 ·tnr' i r.J,>nt·t -~n··~· of 

the theoretical and exper·imental stu(!y of pol:J.rization 
1
)henomen-"l 

in inclusive reactions. 
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