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Eédpemon A.B. E2- 11244

Honspusauus B npoueccax ¢ GOMLIIKM MONEPEUHBIM HMIYIBCOM
# NP KyMyAATHBHOM DOXAECHHH aapOHOB

B xapraHe xecTKoro coyflapeHHs NpOAHANM3HPOBAHA MPHMHHA TOMAPU3a—
U¥HM aApOHOB B YKa3aHHBIX Npoueccax, Ha oCHoBe NpeanosoxeHus o CKeHIRHNe
AAHO NPABHIBHOE KadeCTBeHHOE OObSCHEHWEe NOBe/leHMH 3ABHCHMOCTH MOMApH—
3aunu or P (wau yrna pouleta § B KymynsTuBHOM poxpennu), Ilpegckasawma
HE3aBUCHMOCTL MO/APH3alHH OT dHEepPrhu M Clabas 3aBHCHMOCTL OT copTa
nyyka u Mumetu. [Ipeanoxen MeToA M3MepeHus NONSPU3ALHNM AAPOHHBIX CTpYil.

Pa6ora mBuinonsena B /laBoparopun TeopeTtuieckoil dusuku OHU AU,

Mpenprar O6beAUHEHHOrO MHCTHTYTa SHEPHBIX HCC/enOBaHKH, Ny6ua 1978

Efremov AV, E2-11244

Polarization in High P, and Cumulative Hadron
Production

The final hadron polarization in the high P; processes is ana-
lyzed in the parton hard scattering picture, Scaling assumption al-
lows a correct qualitative description to be given for the P, -beha-
viour of polarization {or ¢ behaviour in cumulative production).

The energy 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 polarization of /| -particles /1,2/ « Experiments 13/
in the 300 GeV proton beam show that /A -particles produced
at Be target
i) Are polarized perpendicularly to the scattering plane.
ii) The polarization weakly depends on X in the interval
0.3-0.7.
1ii) The polarization linearly rises with P, up to 28%
at P, > i.§ (Fig.lj.
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It should be noted alao that this experiment made no
distinction between direct A s  and those from T NY
decay, which bring the depolarization effect /47

_ Bz )
Doom L (Bare ),
where r is the ratio of Zf“/éq yields,

Assuming this ratio is about 1 (as follows from S L‘g )
and th; [?/\ we see that the polarization of direct /)
is ~ 80 < 90% !

It is interesting to compare this fact with polarization
of "cumulative" A 7%/ produced in T + (C *Xe) collision
at 2.9 GeV/c, The polarization here depends essentially on the
angle by which A is emitted ( € ) with maximum around

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

From our point/é/ of view these two different at first
s8ight phenomena are due to the same mechanism of hard scattering

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

where all variables s, u, T and also ut/s

are greater than 1.the similarity of A-dependence in both
processes/7’8/ is a natural consequence of this hypothesis),
As to the larger value of I?obs in cumulative production,
it is probably due to the threshold suppression of >
production and to a lesser depolarisation effect,

It seems strange tbat till now we do not see any serious
attempt of theoretical explanation of these phenomena, though
high El data were published two years ago @nd polarization
of cumulative protons is known even for 10 years /9,

In this work we trj to understand both phenomena on the
same 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,

11, High gﬁ particle polarization

The available experimental data on high PJ_ production /10/

and especially datafrom MPS of FNAL /"/ and also theoretical
investigation of QFT/1I strongly support the parton hard scatte-
ring origin of these phenomena, Let us see how the scattering

of a nonpolarized hadron in this picture can give polarized

one, The density matrix of the process fig. 3 can be easily

written as (see, for inatance,/l/)
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{= Z (G@T, U@ )a@T; u(d)) /,|t (s;t) =

. 7_ Gy WD) (TeITyue) A s,
i

where Qa . 'Z and C

are the momenta of partons, To calculate the density matrix

e
P aze

helicity of 0 and & and sum over helicity of ol .

we have to average the squared amplitude over

Fig. 3 To guarantee a«b synmetry we will use half of
x
t-channel development of {- and W ~channel of +

where Qo= ;{{-u) plus 1 -channel of -V and |- channel of + y 1ee,,

and f‘A/q , §B/€ is the num‘ber of
A

partons with a fraction of momentum cle - P S -
> P ’ Dc/c (v) P 2 —LUA(C) {-cr d _@ )A (Si}A (S u)+
is the number of hadrons C of helicity 4 in parton pON-E3 2 L .
' ¥
c of helicity ) and fraction of momentum id » A -
+(T€7_'o/7- ),4 (sf)/’ (SUJ
o = L(l!'ed) = %2 (;46‘4) ’ ¢ J
¥ » Py
S-xps, ¢ . ;t’ o §u' Using the }  -matrix algebra this can be written in the

) C ~rest frame as
S= 288 4o-2BR Us-2Pp x- 4. ae-E

al = acs é)+8csit)simg (8'77’),

and integration region is )OA) oz )
2
&-x, &-Xe
_8,7'— € A< en‘;: , Xt X, £ 3/51. where
w2 ) m] AR
i s - ' —_— Asw )
Consider in more detail the subprocess of parton scatte-— Q= Z- ‘_ (5 ) C (' }C:N t 3 C.J Rl@;":“'qj )
ring @efoc+dl (parton is assumed to be a quarks of £ - Z ¢s) Tw (A (;’{;)Af(s'u ’)) (3)
: .- gl Y
apin '/l. ). The amplitude of the process, as is well known, N 9 SIZ t“ ' ! . ’ r3
— Y G«
can be developed into the five-tensor structure in u - or e th‘ angle between G and € and = [a-€|
< - channel is the unit vector normal to the scattering plane and

c*cC (ZI)C ©Jare numerical metrices. It is easy to find
)
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The polarization of parton C

p ges¢) 2L
c T Qs cltemd
(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 of
interaction of partons which leads to a pure real amplitude
and zero polarization,

Consider now the deper}dence of polarization on (C, .
It is well known, that high f. experimental data are
well described by the form /10/

Ec;/-—?/% A m:" -{(X.,Kz)

which assumes the scaling of G (st

in the hard scattering formula (1). According to this we shall
alao assume the factorization of invariant amplitudes
A (s O, (6)
Using this in expression (5) we can obtain for the quark
polarization ‘
X (4 2m, L
P. - X, (4) clemi

i,e., the polarization linearly increases with c, for
small values of (, ( < mc) and decreases for larger
momenta,

Let us turn now to polarization of hadron C. It is easy
to see thet the fragmentation function of the polarized
parton D);’H/C in the ( -rest frame depends on one
3-vector (e.g., ﬁc or _ﬁ;‘d ). So, it is impossible to

build up any pseudovector and then
g -
D iy - D)oy -

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

- 2me B
= x, —_—
«EC = ] (<. %) P MCD.

fdAvoI,V QA»/“ Og/e DC/C ‘rn XZ (a)
]JAo(ar Car. Gy Deje FA. (1)

Consider some qualitative features of polarization

I (. Xz) =

determined by this expression

1) Por fixed X X, the hadron polarization follows
the quark polarisation, i.e.,first it increases with P,
up to YNC and then decreases when P, Me .

ii) In the central region the polarization does not
depend on X, X, when the latter become small ( < 0.15,
i.e., £ 250 GeV for P = 1.5). _

Really, this dependence appears only due to the diffe-
rence of X‘ and XL . However, from the & -

dependence of one particle spectrum and also from the
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away peak position it is known /lz/th‘t XJ, (4)< g-/d
when A - o and consequently XL (4) < e‘/‘“, 80
that the tailes of ) and X, 1n (7) beyond the bound-
dary [A[ > 1512 (1.e., x,x,< 015 for Yx1) ere
negligible and do not change with subsequent deorease of x;, and

X, (fig.4).

Fig.4.

4ii) Similar conclusion can be made in the fragmentation
region also, where Xy~ Xg and  x;x Mifamgae E
is small, At fixed Xg and T, the polarization
will not change with the incident energy above

E 2 4mi/mexy (Lee., E 2 203:30GeV tor P 21§
and  X.=o0F% e

iv) The polarisation weakly depends on X 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. Some of these properties
were observed in experiment (growth with P, up to 1,5 Ge¥c,

weak X dependence, and by rumor, target indepsndence)
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the other can be considered as predictions. More thorough
predictions require computations and depend on a detailed
behaviour of X 2 (a) .

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 g-channel exchange (Fig.5),

a
a
c C
+
d ad
8 &

Fig.5.
i.e.,the polarization is proportional to g;hv (m)) .
However, to desoribe one~pion spectra as 1s known, /12,13/

_1 . ¥ . ,
we have to assume that d%£’= S_‘% 3.‘».,,('"*) z 2300 mZ'Ce.MymE ,
'y

o2
i.e., 3:'“ ~ (2 C¢ym ,Therefore, for estimation of I

in (7) we can obtain

2\
I ~ ( ) ~ 4.2 at P, = 4.5 Gev/e,
pd . .

So, the polarization can be quite large at those momenta.
However, next oi‘der corrections seem also to be not

small and further 4investigation 1s needed.

1



ITI, Cumulgtive production

As was mentioned 1n Sec. I. this process 1is dye

to the same mechanism of hard scattering of partons of inci-
dent particle with a parton of a fluctuon in a nucleus,

Really, all ixvariant variables

S=2mE | be-2me | u=-2£(£-pcosB)

and also \/ut/s = 25 (g'-p cusB) (: J.f)

are larger than hadron masses just as in the high PJ_
production. So, we will alsc use the hard scattering formula
(1) with the natural substitution

X = « & - Pees®
LR m ~ T K  (cumulative index)

Me S/n €
Sn¥= T pcos@

4] n - i
Gy (<) =A2:-, 12199 Qe (),

where E, P, G are the total energy, momentum and

production angle of cumulative particle, th/’q is
an K-nucleon fluctuon fragmentation function and

n-A
{2 i qh(h‘\) 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

- m.£UnP
EC = 1 G £-pees@

and to similar to high R production qualitative features:

1) sharp © -dependence with maximum in the region
q0° (i.e.,x O for small momenta);

12

ii) Energy independence for L = (' +1C GeV;

iii) Weak K -dependence of X P.; and weak dependence on the
kind of beam and target.

Now we can use the weak dependence of I on Ky Xq and on
the kind of target, equate I = IK and try to compare
experimentally the data on high P, and cumulative

/‘\ -polarization (Pigs. 1 and 2) at the same values of
Sin \.f' « In this comparison we put Pc\,s = “;‘ E/\ for high
p, and _Po\,s': 9/\ for cumulative A (due to the
threshold suppression of z —-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 P; 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 [ .
In this region polarization can serve as a good tool for

better understanding of guark dynamics, For instance, the

13



asymptotics of Slnv(ﬂL) can discriminate between diffe-

rent schemes of the charge renormalization

m, -4
@n ‘7(‘ ) for asymptotical freadom

™My E(_ ~ [
N e for dilatation invariance

S:" (M") (finite bare charge)

It is noteworthy that this conclusion (as well as
qualitative features given in Secs. II and III) depend
by no means on particularities of the hard scattering
subprocess and are the same, for instanmce, for the subpro-~
cess of direct production (Ci +q- FJ*'q‘ ) which seems to
dominate in the presently available region due to the
violent trigger bias. (One of the indications to this
statement 33 a higher power of decrease (‘v P;-IZ)
of baryon end antibaryon spectra 10).

Of a special interest is the poseibility to observe the
polarization of high (> 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 = Ci + C; + X in itp C,m.8. there appears an additi-

I P . X
onal pseudovector ;; = R » — 1. So, the fragmen~
l C X PC;_‘
tation function has the form !
)l
'4( -2 = ‘
) _ (1 A (BN
D C/C, ¢, = DC/C|,CL ( * )/1)’

and the cross-section At R— C+( + X has the

correlation tern

14

N

where
. S(A’C.)Cu'a(gzl}- (,(_/l( .CZ)(. ,')(B(’)
[y =/ ‘ A

Sin (AAB ) 5N (Cl CZ )

COS{/V =

Measuring two-particle distribution over <Cc:¢ one

can determine the polarization of parton ¢, The coefficient
o can be determined by a similar procedure in
£*+€‘»jef'jef , where the quark polarization is known,

Such measurements could be made probably by using the
data of the experiment £.Z26C yet finished at MPS,

The polarization experiments seem to be especially
valuable in cumulative processes, because these can help to
establish the mechanism of these very phenomena., The simi-~
larity of A ~particle polarization in cumulative and
high P_L preductions and alsc 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 of small distance dynamics,
The mentioned analogy of P. and yut/s = 2&
allows in principle, even at Dubna accelerator, probing
of the distance equivalent to P, ™ 45 (<Y (ISR range)
and at Serpukhov machine, reaching the fantastic level

P, >~ 100 Gev/c - Of course the practical possibility
to reach subh 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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