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E<jlpeMOB A.B. E2- 112« 

noJHip-H38UH51 B npoueccax C 60JibllH:IM rronepeqHbiM HMIIyJihCOM 

H npa KYMYJI51THBHOM po~neHHH anpoHoB 

B KapTHHe ~eCTKoro coyAapeHH51 rrpoaHanuaupoBaHa npaquHa rronHpaaa
U-HH 8Jlp0HOB B YK83aHHhiX rrpoueccax. Ha OCHOB€ npennoJIO}K€HH51 0 CKeHJIHHI"e 

JlBHO npaBHJibHOe K84€CTB€HHOe 06b51CH€HUe IIOB€Jl€HH51 3BBHCHMOCTH IIOJI51pU-

38UHH OT P.J... { Hni1 yrna BbiJieTa e B KYMYJISITHBHOM p0>K.Q€HHU) 0 npeaCK83aHa 

H€38BHCHMOCTb ITOJI51pH38UHH OT SH€pi"HH H CJia6a~ 38BHCHMOCTb OT COpTa 

nyqxa H MHlll€HH. npeJl110:>K€H M€TO.ll H3MepeHHSI IlOJIHpH-38UHH 8.llpOHHhiX CTpyJ1. 

Pa6ora BhlllOJIHeHa s fla6oparopuu reoperlfqecKoH 4lH:3HKH 0115111. 

npenpHHT 06be/1HHeHHOI'O HHCTHTyTa l!/1epHbiX HCCnet10B61!Hii, ny6Ha 1978 

Efremov AV. E2- 11244 

Polarization in High P 1 and Cumulative Hadron 
Production 

The final hadron polarization in the high P ..1. processes is ana
.yzed in the partort hard scattering picture. Scaling assumption a} ... 
lo\Vs a correct qualitative description to be given for the P ...L -beha
viour of polarization ( or 8 behaviour in cumul3.tive production). 

The eneq~y scaling and weak dependence on the beam and 
target type is predicted. A method is proposed for measuring the 
!polarization of hadron jets. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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I. Introduction 

One of the problems of inclusive high P~ processes 

is the polarisation of 1\ -particles /l • 21 • Experiments I J/ 

in the 300 GeV proton beam show that !\ -particles produced 

at Be target 

i) Are polarized perpendicularly to the scattering plane. 

ii) The polarization weakly depends on X in the interval 

0.3- 0.1. 

iii) The polarization linearly rises with P~ up to 28% 

at P ... -:::: i,S' (Fig.l). 

P,. 

I 0.31 P+Be-.1\ +X 
JOOGeV 

O.ZL ! + + 0.1 1-
t + 

+ + 
05 lO l5 ~ 

Fig. 1 
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It should be noted also that this experiment made no 

distinction between direct /\ ' S and those from 1" _,. !\ .. r 
decay, which bring the depolarization effect 14/ 

ID _ 1 ( n Pz · 
- cb ~ - -;=:- L /1 - r 3 ) 

where r is the ratio of ~~/A yields. 

Assuming this ratio is about (as follows from s [.(3 

and ~L-::::. !? i\ we see that the polarization of direct 1\ 
is "!: 80 -7 90% ! 

It is interesting to compare this fact with polarization 

of "cumulative" 1\ /5/ produced in 11- ... (c .. x~) collision 

at 2.9 GeV/c. The polarization here depends essentially on the 

• angle by Which 1\ is emitted ( e ) With maximum around$~ 

and decreases at forward and backward directions (Fig.2). 
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Fig, 2 

From our point/6/ of view these two different at first 

sight phenomena are due to the same mechanism of hard scattering 

of partons. Indeed, both the processes proceed in the region, 

4 

where all Tariables s, u , t and also u.t/.:; 

are greater than 1. (The similarity of A-dependence in both 

processes/7,S/ is a natural consequence of this hypothesis), 

As to the larser value of l?obS in cumulative production, 

it is probably due to the threshold suppression of r "·
production and to a lesser depolarization effect. 

It seems strange that till now we do not see any serious 

attempt of theoretical explanation of these phenomena, though 

high P.l data were published two years ago and polarization 
/9/ of cumulative protons is kDown even for 10 years • 

In this work we tr,r to understand both phenomena on the 

saae footing using the hard scattering parton model and scaling 

assumption. Sec • II is devoted to high P~ polarization, 

Sec • III to cumulative one. In Sec • IV we discuss the 

consequences and propose the measurement of the jet's 

polarization. 

II. High ~ particle polarisation 

The available experimental data on high p_._ production /lO/ 

and especially da1afrom UPS of PIAL h1/ and also theoretical 

investigation of QPT/1/ strong~ support the parton hard scatte

ring origin of these phenomena. Let us see how the scattering 

of a nonpolarised hadron in this picture can give polarized 

one. The density matrix of the process fig. J can be easily 

written as (see, for instance,/l/) 

ch ( Q Q ( r c/{, · ' D)' f'1 
f>.f<£c oi'Pc= j clrcld 'Af~ ... ) B!/) =n- f>.,: ui' (s, !J c/c C a-), (1 > 
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Fig. J 

where Q l" > = ;(fl .. > and f A(c, , { 131 is the number of 
6 ~·~ 

partons with a fraction of momentum 0<1. fl. , D O') 
' 1- Cfc_ 

is the number of hadrons C of helici ty f< in parton 

c of helicity ~· and fraction of momentum r 
o( = x, ( r l~ed), ~ " ~ ( J. e-a) 

' ' a< ' p s = <>( P s > t = 'f t, ~..~ = F u, 

~.,. 2f>.AP-_ i_;-,lf!41{_ (.{:-2D11 Dc 
d , . I j I< ) 

u 1:. x,=--s· .x2=-s 

and integration region is 

e J'-~ e q-Xz 
- n -' ~ ..:1< n-

J(j - - .Xz. 
x,o<z. ~ rf i . 

Consider in more detail the subprocess of parton scatte-

ring cn~~c~d (parton is assumed to be a quarks of 

spin >/J. ). The amplitude of the process, as is well known, ... 
can be developed into the five-tensor structure in 1..1- or 

channel 

6 

-5 = ~ (u<(\)i, U(c))(u(€)T~ U(d)) Ai cs; t'; = 
l 

-= L_ ( v.~_,qT. u tel)) (<Ate n1 u (d) A i( s', 0, 
j j 

where a, .e and c. 

are the momenta of partons. To calculate the density matrix 

d4 
fA>-' a-t' 

we have to average the squared amplitude over 

helicity of a. and e and sum over helicity of cl 

To guarantee a ~ b sy.aetr;y we will use half of 

t-channel dnelopment of f and l.( -channel of .f""' 
plus i. -channel of f' and u- channel of 1 • i ••• ' 

dG I 

f>>' eft';::. 2. u~(cJ[Ih-. ~ T~T £ T) A· <s't';A .... ts'u) -t--. L \' • l , .l ' , J 

~J 

+ (TtT: d7 0 Tc) A. (s f;A,~ (s;u'J 
J t J I 

Using the r -atrix algebra this CIID be written in the 

c -rest frame as 

d' ' /) ' ' ... -; P . - _ a ( s' t J ~ 6 c s, t ) s, ·., lf ( 6 n 
J;.;.ott'- ' ' 

(2) 

where 

t ( ' 

l-( 2 (I) f.U 2 (fj u't I (t)J ~- ' ' ~ ' ') 
a - T 5·) c' + rs-) C:.- + - c' /(,_'A. ts,-I.JA ts,u) 

- L;- 1J " S' .t. 'J t I 
',J I I 

o "' -t C ( l) I t " , A... , , ) 
b:: 4 S'z ,J. W>\J"I;((lJ ;(su) , (3) 

lJ - -- _ ·n~i 
lD is the angle between Q and £ and n =- ·- :a T 1~ • .,, 

is the unit vector no:naal to the scattering plane and 

C
. (•) ( l>) C:s) • 

~ are numerical matrices. It ~s easy to find 
I J 
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<;. • ..., 'f 
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i.A.'t'/s' 

The polarization of parton c 

P~ 
ecs'{j 

a ( .s; t ') 
z ,...,c c-. 

c.L '-.. Mcz. 

z,..,...,<. c.L 
CJ.+m; 

(4) 

(5) 

appears to be nonzero only when the scattering amplitude has 

an imaginary part,i.e.,a discontinuity in s' -channel. 

This clears the difficulty of most of the models used 

for description of high phenomena (CIM, OGEM, fusion model, 

etc.), because all they assume an exchange character o! 

interaction of partons which leads to a pure real amplitude 

and zero polarization. 

Consider now the dependence of polarization on C.l.. 

It is well known, that high p.l.. experimental data are 

well described by the form /lO/ 

E 
o/{. rw.-n ((. )l ,I( ) -- ""\,. ,,.~ t I) ~ 

~tin -

which assumes the scaling of a (s '. t'> 

in the hard scattering formula (1). According to this we shall 

also assume the factorization of invariant amplitude• 

A, (s',·t') .... (s'fn/t; f, ( sf!t'J. 
' (6) 

Using this in expression (5) we can obtain for the quark 

polarization 

t .. (A) 2 n?e:.. (.:_. 

P.: = X,liJJ c~ .. mt 
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I 
I 

\ 
l 

i.e.,the polarization linearly increases with c.~. for 

small values o! C..._ ( <:: )'VIc:. ) and decreases !or larger 

momenta. 

Let us turn now to polarization of hadron c. It is easy 

to see that the fragJ~~entation function of the polarized 

parton 
)' 

D }ic in the C -rest frame depends on one 

3-vector (e.g., Pc or 
--~~\: 
P~ ). So, it is impossible to 

build up any pseudoYector and then 

D)r D ~ 
L<r.) " la-) u~t" . 

Using this in the hard scattering formula (1) and also 

the density matrix (2),{3) and scaling (6) one can obtain 

the expression for the hadron polarization 

_ 2 t'Yic P4 
f) = 1 (><'. J<t) ~ 1. a_ 

-1::: c .._ ... ty\c 

jot.to~r Q'-la. 08/e Dele yn Y.z<.o.J 
I c.,.. ~l)"'" . . J ol'ti oit a4( .. Oa/<: De I c r" Y. (LJ) (1) 

Consider some qualitative features o! polarization 

determined by this expression 

i) Por fixed ;( 1, X2. the hadron polarization follows 

the quark polarization, i.e.,tirst it increases with P.~. 

up to Y"'lc and then decreases when p.J.. '> me.. 

ii) In the central region the polarization does not 

depend on )(, 
1 

;1. .1., when the latter become small ( <. 0.15 , 

i.e., [~50 GeV !or P.~--== l.S). 

Really, this dependence appears only due to the difte-

renee of Y., and '/2. • However. from the e 
dependence o! one particle spectrum and also from the 
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/12/ . -/A/ 
away peak position it is known that Y-J. (A) .1: € 

\/ -lA I when 1:1 -. """ and consequently ,_, ( 4 ) <: e. , so 

that the tailea of Y, and X z. in (7) beyond tile bound

dary f/11 > 1.5- "2 (i.e., x, J(z L o. 1r tor J""i _) are 
I 

negligible and do not change with subsequent decrease of x, and 

Xz.. (fig.4). 

xf 

.1 

Fig.4. 

iii) Similar conclusion can be made in the fragmentation 

region alao, where x .. :::: X F and .Xz.::: ...,'f' / .:z. ""s;~ FE 

is small. At fixed X F and Yl-'1.1. the polarization 

will not change with the incident energy above 

E :::::. "MZ/ Mp,Xf (i.e. , E ~ !l.o ~JO{ieVtor P ... ~ 1.) 

and X f:::::. o.~ ) . 
iv) The polarization w-kly depends on X J:' and also 

on the target and beam kind , because the influence of 

fragmentation functions in the numerator and denomenator 

of (7) try to compensate each other. Sa.e of these properties 

were obsened in experiment (growth with p.._ up to 1, r t.~lfc, 

weak X~ dependence, and by rwaor, target indep~andence) 

10 

the other can be considered as predictions. More thorough 

predictions require computations and depend on a detailed 

behaviour of X.tC.1J 
A few words about estimation of the absolute value of 

polarization. In the model of hard scattering of quarks pola

rization arises from interference of the one-gluon and two

-gluon a-channel exchange (Pig.5) 1 

c c 
+ 

Pig.5. 
2. 

i.e. , the polarization is proportional to ~ i.., • C tv\.._) -

However, to describe one-pion spectra as is known, 112 •13/ 

we have to assuma that d<.~1'= H'iit j.'t (M~) .• l~oo ... e·C•v'c.l,~s, 
7rlt. ---"if '\-\" - I ~ ... J. n. ... 

. 1 
i.e. , ~~~• ·.::::: (~ GeYm). Therefore, for estimation of I 

in (7) we can obtain 

I 
( 7... 'l. 

~)~1.2. a.t ('.._-:::.{.,) GeV/c. 

So, the polarization can be quite large at those momenta. 

However, next order corrections seem also to be not 

small and further investigation is needed. 
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III. eu.ulative production 

As was mentioned in Sec. I. this process is due 

to the same mechanism of hard scattering of partons of inci

dent particle with a parton of a fluctuon in a nucleus. 

Really. all i~ariant variables 

S=2.Mf, 

and also 1./~At/s 

t=- 2Mt.' lA=- 2£(l.-pco:se) 

= v2I. r~·-f rose) c~ 3. s- J 
are larger than hadron masses just as in the high pJ. 
production. So, we will also use the hard scattering formula 

( 1 ) with the natural substitution 

i.l E-Pcc.se 
X,=-~ =- """ "" K (cumulative index) 

1: <!. x,"'-s:o £ 
n?c s.·n c' 

£. h 'f: .£-,PlY>~(~ 
A "\ (' "'l n A· 1--. 

QAf4(o~.} = ~. (A! q (1-'1) 
ol. 

OnJJ/4(~), 
Where £., ? I e are the total energy t momentum &nd 

production angle of cumulative particle, ~h~/G is 

an B-nucleon fluctuon fragmentation function and 

[; ~ C\"'(1-9)"'-A is the probability (binomial) of the 

fluctuon formation in a nucleus of atomic number A. 

For the polarisation of cumulative particle it naturally 

leads to 

.Pc. = }K(x.,.-<l-) 
m"-t\..nS 
E-pcc~e 

and to similar to high P.~.production qualitative features: 

i ) Sharp G -dependence with maximWR in the region 

goo (i.e.,tpx e for small momenta);' 

12 

ii) Energy independence fo~ E::;: S: 7 I C l}eV; 

iii) Weak I< -dependence of I<' E' .;_ and weak dependence on the 

kind of beam and target. 

Now we can use the weak dependence of I on ~ •. x,and on 

the kind of target, equate I ::. I~o:. and try to compare 

experimentally the data on high P~ and cumulative 

1\ -polarization (Figs. 1 and 2) at the same values of 

) i"' 'f . In this comparison we put P cbs "" ~ .£'" for high 

!> and Po\.s·~ \?A for cumulative /\ (due to the 
!J. -

threshold suppres•ion of ~ -production at 2.9 GeV). 

This comparison is shown by'black points in fig. 2 and seems 

to be quite good for this rough approximation. 

IV Discussion 

As we have seen, the parton hard scattering mechanism 

gives a simple and reasonable qualitative explanation of 

polarization phenomena and predicts features which can be 

checked experimentally. This indicates to importance of 

spin dependence of parton subprocesses and force to expect, 

in particular, for the high fi hadron production on a 

polarized target a noticeable left-right asymmetry in 

respect to the "beam-polarization" plane. The detailes of 

this processes will be considered elsewhere. 

As for the predictions considered here the most interes

ting seems to be the energy scaling which distinguishes the 

hard scattering mechanism from that of Regge-pole exchange 

and the decrease of polarization with increasing E: 
In this region polarization can serve as a good tool for 

better understanding of quark dynamics. For instance, the 
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asymptotics of CJ, ... l ..... ) can discrilllinate between diffe-

rent schemes of the charge renormalisation 

M.l.I?C. "'v r'l A I 

for asymptotical freadom 

\

(g ~~ )-i. 

~L~ (~\~ 
c. t"'\.J,.) 

for dilatation invariance 

(finite bare charge} 

It is noteworthy that this conclusion (as well as 

qualitative features given in Sees. II and III} depend 

by no means on particularities of the hard scattering 

subprocess and are the same, for instaace, for the su~pro

cess of direct production ( q + 9--" & -t q ) which seems to 

dominate in the presently available region due to the 

violent trigger bias. (One of the indications to this 

statement is a higher power of decrease ("' P.._-'l) 

of baryon and antibaryon spectra 10 }. 

Of a special interest is the possibility to obserTe the 

polarization of higb /~ hadron jets. (An argument in 

favour of the quark nature of jets}. 

The idea is as follows . 

When we consider the semi-inclusive decay of jet 

c-!> C1 1- C2 1- X in i~ c~.s. there appears an additi-
..... , Pc, •If~/ 

onal pseudovector 11 .,. 7lj:-. "- \. So, the fragmen-
Pc Pc2. tation function has the form 1 

I 

,....~ 

\) C/(,,(L = 

and the cross-section 

correlation term 

D c/c c · ( 1 + <A c 6 r; ; ) 
'J L ;.)' 

At 1<;.-? C,+(,_-+ )( has the 

14 

d- Pc (;;n') = J.. R cos'f, 

where 

c: oS <f 

""' ""' .-'\ -"" 
'- os (A c·, ) co-:. ( 6 Ct) - c.n{ A c L) L..J ~ ( 13 r,) 

" '"' 5,n ( AL3) :,,n (C:, Cz.) 

Measuring two-particle distribution over co: f one 

can determine the polarization of parton c. The coefficient 

~ can be determined by a similar procedure in 

..e+~e- __... jef,j"'t, where the quark polarization is known. 

SUch measurements could be made probably by using the 

data of the experiment E2tO yet finished at LiPS. 

The polarization experiments seem to be especially 

valuable in cumulative processes, because these can help to 

establish the mechanism of these very phenomena. The sillli

larity of ~ -particle polarization in cumulative and 

high p.J.. productions and also the rumor that in the 

latter case the same polarization was observed with the 

hydrogen target give strong arguments in favour of the 

fluctuon hypothesis proposed 20 years ago 14. The discovery 

of such a "dense" formation in nucleus opens a new 

possibility in the investigation Df small distance dynamics. 

The mentioned analogy of P.... and V'-' t/s, ~ :7. E. 

allows in principle, even at Dubna accelerator, probing 

of the distance equivalent to p ... ~ JS Gc~( ISR range) 

and at Serpukhov machine, reaching the fantastic level 

p.L::::: 100 Ce.v{c. • Of course the practical possibility 

to reach suab a level depends on the rate of decrease of 

the cross-section for large cumulativity index about which 

we can only guess now. 
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