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1. The fact of а large polarization of hypeтons produced in 
the fragmentation region of а primary hadron (a~Y)has been 
estaЬlished in а number of experiments (see, e.g:, ref. / l / ). 
The polarization achieves 20-30% at transverse momenta Рт-
- 1 GeV/c and is practically independent of energy. It is also 
known that the hyperon polarizations measured along the normal 
to the reaction plane n = L р ах Ру] approxiroate ly satisfy the 
following relations: P2 +=-Pл= -P--=-P=0 > 0in proton fragmen
tation and Рл > о in the reaction ~-~ л7 A-polarization in 
these processes is practically equal to zero. А large polari
zation, not vanishing with increasing energy, may point to 
а simple polarization mechanism at the level of hadron consti
tuents . . Thus in ref. / 2/ these data have been explained in terms 
of the recombination parton model (taking into account SU(б)
symmetry of hadron wave functions) as а result of constituent 
polarization appearing due to their acceleration or decelera
tion in the confinin~ field (see also ref.IЗ/ ). However, some 
predictions of ref. 1 1 contradict, or are in bad agreement with 
the results of recent experiments /1/. These are ·approximately 
equal 2--· and 2 + - polarizations in the proton fragmentation, 
а large s- -polarization in the reaction к-.!:!.... Е- (Р>::~- =50% 
at Рт = 0.5 GeV/c) and practically zero Л-polarization in the 
reactions тr , к+ , y.!L Л. It will Ье shown that а specification 
of the model allows one to explain, at least qualitativel y, 
these data as wel l. The model predictions for hadron polariza
tion and polarization asymmetry in the fragmentation of polari
zed baryons and vector meson spin alignment in hadronic reac
tions are also discussed. 

2. We briefly summarize the results of ref. / 21. Consider the 
fragmentation р-+ Л at first. А main contribution to the cross 
section of this process comes from the recombination of а fast 
valence diquark (ud)

0 
having zero spin and isospin, with а slow 

sea s-guark which is accelerated in the confining field Ьу 
force r along the direction of primary proton momentum and 
it obtains negative polarization -с = Р!).. In ref. 121 this pola
rization is connected with а contribut1on of the spin-orbit 
interaction to the constituent Hamiltonian. In the case of sca
lar confining field t~is contribution _,Н =:.S w т ~s determined 
Ьу the Thomas process1on vector ~т= L F х ,8] 1m ( ,В and m are 
the constituent velocity and mass) which, at large enough Рт· 
is directed parallel or antiparalle~ to the normal n of the 
reaction plane depending on that whether the constituent is 
accelerated or decelerated. Thus the minimal energy configura
tion in the fragmentation р-~ ~chieved provided that the 
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s-quark (Л -hyperon) spin is directed along -n in agreement 
with experiment. In the reaction к-.Е.... Л the fast valence s
quark from the к- -meson is now decelerated and enters into the 
Л -hyperon state with positive polarization fy· Experimentally, 
the positive Л-polarization is indeed seen and су ~ с. In the 
fragmentation р _.. k+ the dominant contribution is due to the 
recombination of slow sea s-quark with fast valence spin-1 
diquark (uu) 1 • Тhе decelerated diquark gets positive polariza-

tion ; Ву so that the k+ -polarization is also positive: Pk+ 

.!._с + .!. Ву. Experiment requires В у= с. It is assumed that 
3 3 

the diquark spin density matrix can Ье 1escribed with the help 
of only one parameter Ву , i.e., р =-,р = .!._(1±оу). 

0 0 3 ±1 ±1 3 
In the model considered, such an assumption can Ье justified 
provided that the diquark spin alignment is not large. In the 
fragmentation р _.. k 0 the (uu)1 -diquark is replaced Ьу the va
lence (ud) 1 -diquark, and the model predicts Pko = Pk+ in agree
ment with the experimental indication of а positive k 0 -pola
rization 1 1~ The recombination of а proton valence quark with 
two sea quarks makes а main contribution to the р _.. Е , k
fragmentation cross sections. In ref./ 2/ the two sea quarks are 
assumed to form а sea diquark which is accelerated in the con
fining field. Тhе sea spin-1 diquark thus gets negative pola-

rization- ~В. We then have* Р = -1-с _ _g_o and Р~- =..?-с _.!_о, 
3 Е 3У3 ~ 3У6 

Analogously the model predicts Р':1 (к-__.Е )=Pk-(P-+k-)provided 
that the quark polarization is independent of its mass. Assu
ming cy=f:=8:::.8y, like in ref. /2/ , these predictions agree 
with experimental data on the E-polarization in the proton 
fragmentation; however, they presumaЬly underestimate the hype
ron polarization in the reactions P-->k- and к-.E....:s-.вesides, 
the model predicts negative Л-polarization Р Л=- ~ 8 in the 

reactions тr , к+ , у .Е.... Л instead of practically zero Л-pola-
rization seen experimentally (though the experimental errors 
are quite large). 

3. The discrep~ncies mentioned above can Ье, at least in 
part, removed taking су > с into account. An agreement of the 
model with experiment is further improved if we assume that the 
production of spin-1 sea diquarks, which are heavier than the 
scalar diquark/m /\ > mN/, is damped Ьу а factor of Л = 

= .!._ ( qq) 1 ( qq) < 1 For Л « 1 the Л -polarization in the reactions 3 1 о • 

тr , к+ , у__. Л turns out to Ье positive Р Л = су so that choo-

In ref .121 Pk- = РЕ has been erroneously obtained. 

2 

sing appropriately the parameter Л (Л =-}_ at су = 8), we can 

achieve Рл=О. Besides, for the reactions P-->k- and к-~ ·Е-, 
we then have Pk-=P:s- :: 0,8Ey. It should Ье noted, however, 
that the assumption 121ot the formation of а slow sea diquark 
is not always justified. То see this, we consider the fra~en
tation process in terms of the dual unitarization scheme 4/ 

taking into account the У -shaped foгm of а baryon /S/, In this 
scheme, а main contribution to particle production is due to 
the division of colour flux tubes-strings stretched between 
the constituents with opposite colour charges, e.g., Q--q 
and q -Jqq in meson-ba~yon interactions ( J is the string 
. . d ' k __1/q . ) . Junct1on - а 1quar ~q const1tuent . When а baryon 1s pro-

duced containing less than two valence quarks from the primary 
baryon, sea quarks should Ье also created Ьу dividing а "short" 
string between the string junction and а valence quark in the 
diquark. А new diquark can Ье formed in this process not only 
from sea quarks but also from а valence and а sea quark. There
fore in the fragmentation р-+ Е we should take into account 
the recombination of а decelerated ds- or us -diquirk with 
а slow sea. s -quark which yield~ РЕ.::- 0,8 с at Л~ Т • ~n the 
fragmentat1on р-+ k- the recomЬ1nat1on of dd -d1quark w1th sea 
s-quark (we neglect the formation of ds -diquark since the з
quark creation due to the division of а "short" string is dam
ped as compared to the creation of light d-quark) gives 
Р~-= Pk += c. It is seen that the polarizations connected with 
tnese contributions. also agree with experiment. 

On the other hand, for the reactions with diquark forrnation 
in the recornbination process it is reasonaЬle to consider the 
situation when quarks are polarized independently (see also 

ret.l31 ). We then have Pk- = ~(cy-c') + l-c and Р';:;' = 
2 1 3· 3 -

= --(c +c')--cv in the proton fragrnentation, where -с 
3 3 

is the polarization of the sea quark produced Ьу the division 
of а "short" string. Sinc.e this quark has srnaller < Рт > than 
the ordinary sea quark / З/ (and also due to the circumstance 
that the division of а "short" string can occur both before 
and behind the string junction, i.e., the sea quark can Ье 
both acceleтated and decelerated), we expect 1 с' 1 « с. Thus, 
at с ::с we have Р - - - Р _ с in accordance with which is 

у k - ':1-
к-..11.. Е- at not too eXperirnentally observed. In-the reaction 

Iarge 'energies th~ recornbining d-quark 
lence target .quark (wh.en accelerated, it 

2 . 1 
so that Р':1- = -(с -с ') + -с =с as 

- 3 у . 3 у v 

is predominantly а va
gets polarization -су) 
required Ьу. experi-

ment. For the precesses к-- Л and тr 

agreement wi th experiment, Р Л= с у> О 
к+' у'- л we get, in 
and Рл = -с'::О, respec-
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tively. In the first reaction the valence 
к--meson comes into the Л~hyperon state 
rization ly , while in the other reactions 
duced Ьу the division of а "short" string 
not polarized. 

s -quark from the 
with positive pola
the s -quark is pro
and is practically 

4. For vector meson production with large enough Рт the 
considered model predicts а large ( > 1 /3) proЬaЬility р Т 
of the zero spin projection on the normal to the reactio~ plane 
(the recombining quark and antiquark are polarized in the appro
ximately opposite directions), i.e., рт =( 1 +-r 2)/(3-l2) > 1/3 
(here and later on we put (V = ( fo~

0 

simplicity) . Тhis pre-
diction is found / 6 / to Ье in agreement with experiment. 

The model can Ье also applied to describe the fragmentation 
of polarized hadrons. We consider the polarization . asymmetry 

·Ac=-1-(N -N ) / (N + N) in the fragmentation р-е (see also 
Ро + - + -

ref ./6 / ) . Here N+(-) is the с -p~rticle yield in the case when 
the proton polarization vector. Р0 is directed parallel (anti
parallel) to the normal ii to the reaction plane, n=LP хрс] . 
Assuming the constituent interaction with the confiningpfield 
is an elastic one*, the model predi cts А + + = -2 .А _ = 4А = 

тт ( к ) тт тт0 

= : _ l / (1 + l 2 ) > О. Тhis is in qualitative agreement with the ex-

perimental data at Рт - 1 GeV/c / 7 •81. Note, however, that the 
restriction 1 А 11о \ .$ 1/ 6 following from the model is in contra
diction with an indication of а large (~ 0.5) polarization 
asymmetry of тт0 s in рр interactions at 24 GeV /с in the region 
х = 0-0. 1 and Рт > 2 GeV /с / В/. We can try to explain this result 
assuming that at large Рт the proton predominantly fragmentizes 
into а valence u-quark and а scalar ud-diquark, i.e., mostly 
the u-quark carrying the proton spin comes into the produced 
hadron**. In this case А 110 =А тт+ = 2( / (1 + (2) _$1. At small 1 x j , 

* In this case the constituents are presumaЬly polarized due 
to transitions connec.ted with а tunneling process(for sea con
stituents) 131 or with the rearrangement of the colour flux. tu
bes (for valence constituents).A further interaction (elastic) 
of the constituents with the confining field in the recombina
tion process leads only to а precision of the spin around the 
normal to the production plane but not to the polarization / 3/. 
The polarization in the recombination stage is, however, pos
s iЬle in an inelastic process,e.g.~due to spontaneous radiation. 
** Тhis assumption is in accordance with the scalar ud-diquark 
being а more strongly bound system than the vector diquark 
( mN < m~) and also with the fact of а harder momentum distribu
tion of u -quarks in the proton as compared with the d -quark 
one. 

... 

' 1 

' 

however, the model yields А 71 < 1/2 and А" --о О with increasing 
energy. We note further that the polarization asymmetry data 
presumaЬly exclude the spontaneous radiation mechanism of quark 
polarization in the confining field suggested in ref. 191 to 
explain the polarization effects (quarks become polarized due 
to different probabilities of spin flip radiation transitions 
1/2 -... - 1/2 and - 1/2 _.,. 1/2 ) . Тhis mechanism predicts а vanishi ng 
polarization asymmetry at large enough Рт since the quarks ob
tain polarization whicЪ is independent of the primary hadron 
polarization. 

А study of hadron polarization in the fragmentation of pola
rized baryons can serve as а sensitive, though difficult enough, 
test of the model considered, e.g., for the reaction p__.I,+,o 

the model predicts Р~=(.!.Р + .!.8v + .!..l) / (1+.!.p (By + l)), 
k 3° 3 3 3° 

where Р0 is the primary proton polarization along the normal 
to the reaction plane. Thus, at 1 Р0 1 - 1 the !. -hyperon obtains 

approximately 2/3 of the proton polarization: PI. = ; Р0 + ; l. 

At the same time the polarization mechanism, due to spontaneous 

radiation, yields Р~ = ~ Р at small р (probability of the 
k 3 о т 

quark spin fl i p is small) while PI. = PI. (Р0 = 0) = ; Bv+ ~ ( at 

large enough Рт. 
The cons tituent spin flip transition amplitudes are neglected 

in ref. / 21. Th is can Ье justified provided constituents interact 
(elastically) with the external field only (though, in prin
ciple, the diquark spin flip transitions 1 - -1 are possiЬle 
in this case). In general, if constituents are polarized in an 
elastic process*, the corrections due to these amplitudes wea
ken the polarization effects . . If we further allow transitions 
between scalar and vector diquarks, the model predictions f or 
some fragmentation cross sections can essentially change. For 
example, the model predicts the ratios 9:4:1 for direct yields 
of Л- , !,+ and !.0 -hyperons in the proton fragmentation (а large 
Л -hyperon yield is due to а large weight of ('ud) 0 -diquark in 
the SU(б) proton wave function)**. Тhе difference between Л-
and !.~ -yields becomes smaller if the transitions (ud)

0 
_. (ud) 1 

take place. • 

* А direct check of this assumption is possiЬle in t he f rag
mentation Л- Л. According to the Wolfenstein t heorem, Р = ·А Л 
i s required. Л 
** This relation is violated Ьу the recombi nation processe s 
with initial diquark splitting . Thei r con t ribut i on increases with 
decreasing 1 х 1, e. g., i n the fragmentat i on p -I. + , it i s qu i te 
es sential even at х "' 0.5 (а ( I.- )) i::т (!.+) = 1/ 3 at X=0.5 /IO/ ) • 
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The author is indebted to V.I.Lyuboshitz for useful dis
cussions. 
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Помрммцмоннwе эtФектw в процессах адронН<йt фраrментации 

ОбсУЖдеотс~ предскаэани~ рекомбинационной кваркоаой мОАели с учетом 
сnмн-орбмтал~ноrо вэаИМQАействм~ для поляризации /вwстроенности сnина/ 
м ~рмэацнонной асимметрии адронов в nроцессах адронной фраrментации. 

Покааано, что эти nредскаэания, no крайней мере, качественно соrласуотся 
с 3Ксnериментал~нwми даннwми. В рамках данной мОАеnи обсуждаQтся также 
раэпичнwе nоляриэацмоннwе механи~tw и воэма.ност~ их nроверки. 

Работа вwnолнена в Лаборатории вwсоких энерrий 011ЛИ. 
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Lednlck~ R. Е2-84-12 
Polarlzatlon Effects ln Hadron Fragmentatlon 

Hadron polaгlzatlon (spln allgnment) and polaгlzatlon asymmet гy аге 
dlscussed ln teгms of the quaгk recomЫnatlon model wlth the spln-orьtt 
lnteractlon taken lnto account. lt ls shown that pгedlctlons of this model 
are at least ln qualltative agгeement wlth expeгlmental data. Varlous 
polarlzatlon mechanlsms ln teгms of thls model and the possiЫIIty of thelг 
checklng are also dlscussed. 

The lnvestlgatlon has been peгfoгmed at the Laboгatory of Hlgh 
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