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L · Introduction 

In the beam energy rang~:from pion production threshold up to 1 GeV the single ~ion 
·,,production channel in the Nt+N ➔ .. N+N+1r±,O were extrnsively studied (1). The discov-, · 

ery of dramatic structure in th~ spin clependent.proton.'..proton observables just above pion 
threshold has. ~roused interest ·in the spin effects ·in pion production ciechanisms. In these 
experiments the large val_ue of the vector analyzing power AY for backward pion production 

. was ~bserved. They provided accurate data to.understand the reacticin mechanisms and to 
constrain the models of stro~g interactions at intermediate energies. . . , . 

. The studies of p'olarization ph~no~ena in p _;_ p [2, 3, 4) and i/...: A (5) reacti~ns at hifh 
energies. show that ~ne spin pion iisymmet~y (or analyzing power) does 'not\vani~h with 

'. increasing transverse momentum PT and scalirig '.variable x F•. Asymmetry measiir~ments · in 
the pt+ p ➔ -ir±,o + X_inclusive proc~sses performed at CERN (2), Bl\TL (3] and Fermilab • 
[4] ~show that asymmetry isjsim_ilar t~ ze~o up to XF '.:::'. 0,3 a11d then increas_e linearly 11p to . 
the absolute.value of 40 % near XF~ l. It was, also, observed the correlation betweenthe. 
asymmet~y sigri and pions 'charge [4].; Large ~ne spin asymmetries have been also measured. 
in pt +'d ➔ 1r,'1<+ X,reactions at proton momentum of 11.75· GeV/c (5). · . · 
. In order to explain these re~ults and asymmetry mechanism, considerable theoretical 
work has been ·undertaken. The la~ge number of theretical 11:1odels based, on spin~dependent 
mechariis~s·ofthe qu~~kinteractions (6, 7, 8) has been develc:iped. Results of these studies 
indicate that'the asymmetry could be a consequence of orbital motion of the valence quarks 
i'n a p.9larized proton [6)._ fothe f~ame of.the padon model, asymmetry is related to 'the 

: spin-depende~t' parton distribution/ [9], parton cr~s;-sections {10) and parton fragmentation' 
functions [11]. . . ' . i, · - , ·.· 1 · ·• 

, i I~ [12] the mechanism, based on the quark interact_iorr with the ·nonperturbative vacuum. 
fluctuations of gluon field, was proposed (13]: · As a result of such an interaction, the spin . 

•. of polarized quark flips.and simultah~ously q~-pair is produ~ed. The spin~ of the ·seap,;,ir 
· quarks a~~ dire~ted opposite to the: spin direction_ of the valence quark. The sign of the orbital 
. momentum of the qq-pair is defined acco~ding to the total momentum conservation law. Itis 
. proposed that in pp interactions.this mechanism contribute at high energies arid fofhigh PT 
(xF.-t 1, PT > rGeV/c). By using relativistic nuclei beams these conditions can b~ reached 
kinematically. Because of this, the significant effects in the "cumulative" i:egion (the regi~n 
kinematically f~rbidden· for secondary partiyle from nucleon ~ nucleon coliision) are expected. _ ." 

•· Relativistic bearri of polarized deuterons at' the LHE JINR, Dubna · Synchrophasotron opens 
" the possibility to a'.ns~er the qu~stions about the spin effects in the trinsition region from 

. nucleon to quark' degrees of freedom and to investigate the behaviour of asymmetry in the 
cumulative reglon.- .. . . ·. . .. . 1 • . - ,· ..• 

· ·The main goal of this experiment is to ·study of the vector analyzing power (Ay) ·in' 
the energy region'where we are expected the transition froinriucleons to quarks.degrees of 
freedom. In the following section; we discuss the experimental method and present the results' 

·. of mea'.surements· of on~ spin asymmetries in. the dt + H ➔ ii± + x·and · dt + C ➔- 1r± + X . 
reactions ·near the 90° in the laboratory: frame at incident beam momenta from 3 to 9 Ge V / c . 

r • c-":• ', • - • • ' ,~' ' I ; ., '/, • • .-• , .' , \ t • , ,,':,(' .- \' ,,', \ \ ' 

'2. Experimental :CU_ethod. ' 
' ' - ' ; I' ,, ' '·, - . '. \_ 

... The experiments. were carried out at _the Labmatory ; of High Energies ( JINR:~. · Figu!e . 

h-w , .. i~=.ii••~n l':~·:rnr}Y · · ··t ·-· · a· ,, . Ir ..... ' ,.. "" ..... ~" . 11., .Jf,1,.u; . c.-.,1 •• ~e .. ,uh.1• 
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1 shows the experimental setup for measurement.:of 'analyzing power Ay- We. used tlie 
magnetic spectrometer DISK _and a polarized deute;on'beam in the momentum r~nge from 
3 tq 9 GeV/c· delivei:e'd by the Dubna.SYNHROPHASOTRON. . ... 

,, .1 l , • •. 

2;1. Beam 
Polariied•d~uterons were produced by the sour~e "POLARIS": [14] .. The intensity of the. 

beam was in 'the range 108 + 5 · 109 particles per spill. The b~am width of ab~tit 7 mm full 
width at half maximum (FWHM) was determined by the coordinate detector placed i~ front' ... 
of the target. We have us.ed :three' spin state method (no rotation of apparatus) where the · 
beam polarizatioii direction was changed· after'every spill in.order to minimize the systematic 

· 'errors in the' experiment. ·. . . . . .. 
The measurements of the polarization of the deut~ron be~m have bee~ performed b; the 

ALPHA setup [15] .. Thetypi~al values of the parameters for th~ "up"(:i-) and "down''(~) 
states of the beam polariz~tion are given in the Table 1.' '· ' · · · · ' 

Table 1. ,The parameters of be~m
1
polarizati~n· stat~s-. ' . . . . . 

tensor 
polarization 

_vector 
polarization 

\' 

Pz == 0.210 ± 0.010 
Pz = 0.202 ± 0.018 
·· Pz = 0.43±0,03 . 
Pz = :_o . .'t7± o.o3 

Pzz =•. 
Pzz = 0.686 ± 0.021 

I' 

2'.2. Target regi~n ·. ,. . _ . . . . . . . , . 
. A schematic view of the target, magnetic spectrometer"DISC" and the monitoring ~ystem 

'· 

. i; show_n _in Fig:L During the experiment weused' carbon 1~C_ t~rget with ~ffective thicknes~ 
~f 5.6 g/cm2 and liquid hydrogen target: The Hask of the liquid hydrogen ta~get was 

0

buill ' . 
using a thin (0.35 mm )':Mylar and m~asuring 70 mm in di.i~eter, The flaskw~s surrounded 
by low density insul~tion and kept in vacuum. . .. ·.' .t' / ' \ ' i '. ' ' : • .••• 

A relative intensity of the secondary particles has, been me~ui-ed by the scintm~to~ tele'".: 
scopes'(M+lO, M-10, MP13) while the ionization chamber (NT) mohitored an intensify of . 

.rthep~imarybeam.·, , · .. ·· · .. ,/· .,• ! .. • :· .·. ·,; ·, :; ·'; .·. · '., · · ,,', 

,2.3. Spectrometer . .· . . . . . . . . . . 
. The detailed descripti~n of th~ ~agrietic spectrometer.~'.DISC" is.;i~n in [16], 'so only/ 

a. brief descriptjon follows,- . The ahgle, at which the ~easurement~ h~ve been' pe~forin<;d 
(78°- and. 90~. in our case), was defineq by the position of the magneto-optical channel of 
the ~pectromet~r consisted oUhe analyzing magnet (Ml) and the do~blet ~f. qtiadropole ·' 
leiises (QI, Q2). • Iri.put angle acceptance of the sp~cti-omet~r was O(p) =.·6 - 10-4 s~.: The 
momentum of the secondary pa~&les ~as determined using the value of ~~gnetic field in the 
gap of the a~alyzing magnet. The momentum resolution was Llp/p =c:; 0.086. A~ id~ntification' 
of,secondary particles have been carried out using : a) the time of flight (TOF) informations 
on tw6 bases_ - between scintillator counters Sl and S3 (length of 3.8 m) and .betwee~ S2and 
S4 (0.97 m);.b) the_ ionization losses.in scintillatorsS2, S3, S4 and c) interisity of Cherenkov 
radiation of particles, in two hard radiators (Cl and _C2). The typical ·.TOF, spectra· of 
positively charged particles having momentum of 400 Me V / c_ on the 3.8 m base: length are 
shown in Fig.2. . . ,, . ·. . .· . , 
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2.4. As;mmet~y determination· . .. 1 

. ' In accordance with the usiial conventions [17], a Cartesian coordinate syste~ was assuined 
with z-axi; along the' i~1cident beam ii.iomentum; y-axis w~· d~fihed fo be norinal to the·. 

· scattering plane and parallel to the direction of incident deuteron.spin and ;,c-axis to define 
a right-handed coordi.nate ;ystem: Tha~, the pion· production c;oss-section 1may be written 
in the form: . . . . 

l \r · J 

· ± ., .. . 3 ± · . '1 ± . . · 
a(O) . .. = ao(O) · p + 2pzAy(O) +. 2pzzAyy(O))'. . (I) 

\ ' ,. • • I ' : • • • ' • : •. I •• / - ' ••, \, • ' 

where"+","-''., "0" denote the corresponding beam spin states, a 0 (0) is _the pimi_production · 
cniss-section for the unpolarized beam; Ay(O) and Ayy(0)

0

ar~ the vecto~ and tensor analyzing. 
pcwer~ of the }eaction, r~spectively and O is the angle at which the measurement is performed .. 

:A Cartesian descriptio1i of the 'be.am polari~ation,states· P1 _and P1z was also used where z 
, was.related to.the deuteron source coordinate. system. For tensor polarization of the bea111 
.. (se~ eq:(l)) c~~ be solved for A;(~}( , , .· ' , ·. 

<. . . j •.·, '. . ;:..-c-. ,1:. . 
A(~)--~-~. { . . Pzz. , . · (cr(O)+ -l) _ , Piz • , .. (a(O)- ~ l)·}•.i: . _.(2) 

y • + ·- .. . - + + - . - + . ' . 
. / 3 PzPzz - PzPzz, ao(O), · PzPzz - PzPzz ,uo(O) · 

while for th~.vector beam polarization .. ~here P~z -~ 0. J~ have: 
,.,,, ,' ,r :- , .. ''. '- \ "• . .- , 

• • . f .. 
#',·•· 

A (())·;,,_. ~ ·(a(O)+ ._ cr(O)-)/·(<+ _: 1_). 
. y . ,. 3 ,. ·u (O) . Pz Pz 

·✓ , r . p , . . \ (3) 

.. ·.: . B~cause _the asymmetry is-measured by means of ratios of pio'ii production cross-sections .. 
,.._•. \ ·. ,' '. •1 ·'' I , . , ' ,·• , - , , -.-- , ' ·, ' - . 

,. it' is 'not necessary to perform the measurement of abso.lute value of beam intensity. However" 
in order t~ avoid influences of"false·asymmetries'.' a{;d oth~rs possible systematic uncert~i;1- .· 
ties; the accuracy and stability of the beam _a11d secmidary particles relative intensitymonit- . 

. oring are essentiaL It is -~stimated that the sy~t'ematic error on 'asy;mnetry in om experiment 
does not excee_d (2~5)%'. In. pa;ticular this condusicm itbasedon the direct high amii-acy 
m~asurements of ~ymm~tiy of the protons production .. In the i-egion;~h~re expected ~•alue · 
should be zero we·have got the· value of "orie spin asymnietry" equal to 0.005 ± 0.026. ·· · 

:,:. • '. • , •• ¥ '·• 't ';, _ _..- ' 

'.' 

· 3;'Experimental results and 'discussion 

1
3.i. One spin pion asy~metry in the dt_ + if +rr±'+ X proces~es 
The.asymmetries of po.sitively and negatively charged pions with monienta in the r,i'nge., 

300 + 350 MeV/~ as·a func,tion,of incident .beam momentum are:shown, i1; Fig.3a. Th<' . 
measurements were performed• at angle of 90° in. the laboratory system. The large value ·: 

. ofAy at the level of about 40:% has been observed at relatively low bea~ moinenta. ·The. 
asymmetry sign isa functio_n of pion charge and asymmetiy value~ 'dec~ease with increasing . 
beam. momentum. . . . 

Figs.3b and 3c show the Monte Carlo (MC) calculated relative c6ntribution of different 
channels of pion prnduction in the reaction d + H ➔ 71'"".'+ X, for O,; ~ 90° ~tt~o beam 
monienta

0

".4 a~d 9•GeV/c. We ha~~ used Mc:~?de [18]\w,hich',very well describes the 
; ,~ :-: ' 1, ', '\: \ 

,-''-.., 

~. ".' ,• 
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experimental results. {multiplicities, pr. spectra, cros~~sections)' in .the_ hadron-nucleus and 
nucleus-nucleus interactions at intermediate and high ene.rgies [19). As can be seen in Figs.3b. . . ' .. . ., ' ·'). . 

and 3c, the behaviour of one spin pion asymmetry could be connected with the mechanisms of 
pion production. At 4 Ge VJ c beam "mdmentum,where larg~ asymmetry has been observed 
in. the'experiment (Fig.3a), the negatively charged pions are prpduced mostly_ thrm1gh the 
ti0-"resonance" channels. At_ 9 GeV/c beam momentum (small asymmetry region)pions 
predomin.antly originate from the ,!direct"· ·processes. 'The simil~r picture.can be draw;1 _up 
for, positively. charged pion~ whe~~, at low beam. momenta,' dominate ti++ -channel of. rr+ -
meson production: In "shirt; the resuitsof MC'simu'iations indicate that the pion analyzing 

, , power is strongly affected by' the contribution of the' intermediate ti~r~sonance' statesi . , 
. , Fig.4a sho_ws the. one;spin rr:--meson ,asymmetry; measured at beam m~m~ntum of 6.5 
.GeV/c, as a function of pion mon1entum:1 The asymmetry sign ii negative. A_bsolute value: 
o'.,rr-:\ll~sbn fsym~etry reaches_~ ,50 %_ at p,,'_=;: 200 M~V/c an_d ~~~reas~s with

1
incr~asing 

p10n momentum. Such a·.behav10ur of one spin asymmetry comc1<les_ with suppress10n of 
. ,"resonance" channels 6frr---meson production (Fig.4b). ·_. · .. ·.. . : ' _· .· .· . 
. The next ;et of th~ data,,taken at 8.9, GeV/c beam 1:1-orrientum, is shown: in Fig.5. The , 
'vector. analyzing power of inclusive pions is similar,.to zero at .low pion momenta. Especially ,· 
interesting is the' behaviour of asymmetry,at higher pion moment'a:. It e{ists' theoretical ' 

' arguments [20), based on. relati~istic d~ut,eron model [21 ], that for the pion: momentu~ of 
about 600 MeV /c the one spin pion asymmetry should st~rts cha°iiging the sign as a,r~sul,t 
of the influence of th~ deuteron D-;,,ave. Moreover; these kin'ematicalrnnditionsco~resporid 

-_to the "cumulative" region ~her~, 
0

du'e _to 'nonp~rtu'rbative quark inte~actions, the' rise of-the 
•, absolute value of ~symmetry is expected. -Neglecting the so~e indication ~fsuch a behaviour, . • 
,to ;nswer -this very important'i.1uestion better'experiinentaLinformation is needed. , 
. ·, ·' ·., . :. ·,, . ' .' .·,:. ,, :_J<,:. .• · ... '.i .. 

. 3.2. One spin pion asymmetry in the dt + C :...+ rr± + X. processes __ . , 
lnlthe case of carbon target at beam·momentu'mof 3.8 GeV/c, the positive 'i+~,neson 

. asymmetry;,,~ observed and its value is about few per~ents (Fig.Ga). Comparing the r~sults 
of,MC simuiations pres~nte'd'in theFig.6b w_ith the corresponding results for-~ hydrogen . 
target, one c~uld expect the si~ilar effect {large· asymmetry) becau'sethe ti++ _channel of , 
pion prndu~tion dominat~s in both cases._ Hciw~v~r, high backgr~und produced bythe target 
fragment~ti~n fo the dt .:.. le, collision, in addition to the significant pion 're~cattering, in 
nucleus,• hardly suppress the observation of the effect'.,\'_, . , ·,' · ' .··. _· , , ;· ·. · .. \, 
, · At bea~ m~mentum of 6:.5 GeV/c, one spin rr-1; 0mesou'asyrnmetry i~ clos~to zero.in the 
pion momentum ian'ge from 20Oto 400 MeV/c (Fig.7a). One spin rr--m~son asy~inetry 
for 300 MeV/c,pion momentum has th~ ,value A~ 'f (2.2±1.1)%. In thi_s kinematical re~ion 
the.ti - ~charinel of rr:-;:meson production dominate (Fig.7b). It' should be noted 'that th~ sign., 

l of the_.one spin rr-' -meson· asymm,etry differs from the corresponding ~ne. observed in. the 
' hydrogen target case. 'This could indic~te that . the, type of the _intermediate ti-resonance, 
state involved is ess~ntial for·,the sign of the pion an~lyzin'g pow~L ' . . · .. __ -•··: ' . 

The signs of the one spin'.pion asymmetry observed in the experiment a~d MC calculated· , . 
most important pions "sources" in the corresponding kinematical regions are presented in 
,Table 2. ' ' .· ' · · · ' · · , 

\_'. 

, 

,,-

I 
! 

/:' 

\ .'' 

I· 

Table 2. Sig~s or' ~ymmetry in the_ df +A ➔ 7r(90°) +.. X pr~cess. 

reaction A!,. A! 
dt+H + (ti++) - (tiO) 
dt+C + (fi++) + (ti-) 

I 

As can be seen, the one spin pion asymmetry sign is strongly correlated with the type of 
the resonance involved. 

_; 

4. Conclusions ·· · ' . 
I ' 

The one spin asymmetrJin the d f+H ➔rr±+ X and d t +c ➔-rr± + X proces·ses 
· has been measured for the first time. The exp~riment · was performed at . JINR Dubna Syn~ 
chrophasotron using. the polarized deuteron

1 

_beam with momenta in the ~ange from 3 to 9 
Gey /c., The results can be summarized as follo~s: . .·. . _ _ · _ 1 

1) Large one spin pion asymmetry (VP to 50 %) in the d t +H ➔ rr± + X processes at 
deute~on mo~enta Pd = 3.5 +·6.5 GeV/c ~nd 'for p.,, = 300 + 350 MeV/c has been meas~ 
ured .. The different asymmetry'signs, positivefor-,rr/·and negative for rr-, were:observed. 
The absolute value of asymmetry decreas~s with increasing beam mom'entum pii and pion ' 
inomentu~ p.,, 1 • · , , .' ' 1 • , • • 

1 

, / · \ · ~ • • , _ ' ; , , , : , .• 

. , , 2) Positiv~ sign and_ non ~era values,(~ 5 %) of _the one spin pi~n asymmetry in the 
- d t +c ➔ rr+ + X process at beam momentum Pd =: 3.8 Ge V/ c were found; 

· · 3) The_ results of simulation show. that resonance chan~els. of pion productions play , an· 
irnportant ~ole in kinernatic.;_l regions where measured one spin pion asymmetry has a sig~i-

.\, Jicant value.- . . , . . _, · - ' 

' . 
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