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i ‘was’ observed They prov1ded accurate data to: understand the reactlon mechanrsms and to :

M .asymmetry 31gn and plOIlS ‘charge [4]:iLarge one spin asymmetrres have been also ‘measured

1 Introductlon s ‘:, ?f-.i" o o s

“In the beam & energy range from plOIl productron threshold up to 1 GeV the s1ngle pron R
= productron channel in the Nt+ N = N+ N+7%0 were extensrvely studied [1).-The dlSCOV-:j Tt

' i ery.of ‘dramatic structure in the spin dependent proton—proton observables just, above pion - -
‘ 'g,threshold has. aroused interest in the spin- effects in pxon productron mechamsms In thesel““

“experrments the large value of the vector analyzmg power A, for backward pion productlon:" e

‘ vconstraln the models of strong mteractlons at 1ntermed1ate energres _
“The studies of polarrzatlon phenomena inp=pl[23,4] and p= “A [5] reactlons at hlgh

) energles show that one spin. pion a.symmetry (or analyzing power) does’ not\vamsh with-.-
: )‘f‘mcreasmg transverse momentum pr and scaling Variable zp. Asymmetry measurements in

the pt+p = 7%° 4+ X inclusive processes performed at CERN [2], BNL [3] and Fermilab e

» [4] show that asymmetry is slmllar to zero -up to zp ~ 0.3 and then increase llnearly up to -

"the absolute. value of 40, % near zp. = 10T was, also, observed the correlation between the L

ulm pt +d = 7, K + X reactions at proton momentum of 11.75' GeV/c (5] . o
‘In’ order to explam these results and a.symmetry mechanlsm, consrderable theoretrcal’

gt work has’ been undertaken The large number of theretical models based on ‘spin-dependent " 7"
* . mechanisms' of the quark interactions {6, 7 8] has been: developed. Results of these studies : = ",

indicate that’ the asymmetry “could be a consequence of orbital motion of the valence quarksA S
Cin‘a polarrzed ‘proton [6].. In the frame of the parton. model, asymmetry is related to the AR

; spm-dependent parton drstrrbutrons [9]; parton cross—sectrons [10] and parton fragmentatlon i
“functions [11]." S . : et
7 In [12] the mechanrsm, based on the quark 1nteract10n w1th the nonperturbatrve vacuum

-»ﬂuctuatrons of gluon field; was proposed f13]. - As a result of such an 1nteract10n, the spm :
: of polarlzed quark, flips. and. s1multaneously gg-pair is produced The spins of the sea’ palr
; quarks are directed opposrte to the spin direction of the valence quark.‘ The sign of the. orbltal o
.momeéntum of the qgpair is deﬁned acoordlng to the total momentum conservation law. Tt is f

ey proposed that i pp. mteractrons this mechanism contribute at high energles and. for hrgh pre

'(r Foo1,pr >1 GeV/ c). ‘By usmg relativistic nuclei beams these condrtlons can’be reached
: klnematrcally ‘Because of this, the significant effects in the ”cumulative”, Tegion’ (the regron i

77 kinematically, forbidden for secondary partlcle from nucleon - ‘nucleon colhs1on) are expected. = 7' -
‘5i'Relat1vrst1c beam of polarrzed deuterons at the: LHE JINR, Dubna- Synchrophasotron opens»‘ L
~ the pOSSIblllty to answer the questrons about the spm effects in the transrtron reglon from :
* nucleon to quark degrees of freedom and to mvestruate the behav1our of asymmetry in’ the
N cumulatlve reglon Al i : i

Al

* The main goal of this experlment is‘to- study of the vector analyzmg power (Ay) in

5 ,E the energy. region’ where we are expected the transrtron from nucleons to quarks’ degrees of
o freedom.”In the followmg sections we dlSCllSS the experrmental method and present the results
- of mea.surements of one spin a.symmetrres in the dT +H a4 X and’ dt 4+ C=rty X
reactlons near the 90° in the laboratory frame at 1nc1dent beam ‘momenta from 3 to 9 GeV/ .
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A

-3 to 9 GeV/c dehvered by the Dubna SYNHROPHASOTRON

: 2 1 Beam

" Polarized: deuterons were produced by the source ”POLARIS” [14] “The mtensxty of the

: ‘beam was in the range 10825+ 109 particles per Splll The bea.m width of. about:7 mm full +

" “width at half maximum (EWHM) was determmed by the coordinate detector placed in front N e
“of the ta.rget ‘We- have used | three spin state method’(no.Totation of a.pparatus) where the ';‘ :
. beam polarrzatron d1rect10n was cha.nged a.fter every Splll in order to mlmmlze the systematlc :

: _\'\,. .+ "‘errors in the’ experlment ‘ . : i
B The measurements of the polarlzatron of the deuteron bea.m ha.ve been performed by the

‘ten‘sor s pZ’= 0 210 + O 010 ja
.polarization | p5 = 0.202+0.018.{ py
: vector pZ—043:l:003 3k
R polarlzatxon pZ =‘-—0 47 +0. 03

of 5.6 g/crn and llquld hydrogen ta.rget The ﬁask of the hqu1d hydrogen target was bullt
using a thin (0.35 mm) Myla.r and mea.surmg 70 mm'in dla.meter The ﬂa.sk wa.s surrounded
by | low densrty insulation’and kept in‘vacuum: " : B T #
A relatlve intensity of the seconda.ry part1cles ha.s been measured by the scmtnlla.tor tele—
'\scopes (M+10 M-10, MPI3) whxle the romzatlon‘chamber (NT) momtored’»a.n lntensxty of
~‘Athe prlmary bea.m '{}.v : : : RES

VA i

‘2.3, Spectrometer

FE (78° and: 90°:in -our ca.se)‘ was deﬁned by : the pos1tlon of the magneto—optlca.l channel of '
P ;the spectrometer consrsted of . the analyzmg ma.gnet (Ml) and the doublet of. quadropole
" lenses (QI, Q2): “Input angle acceptance of 'theé spectrometer was Q(p ) =6 1071sr." The-

o momentum of the secondary pa.rtlcles was determmed using the value of magnetlc ﬁeld in the

,: “of, secondary ‘particles have beéen carried out using : a.) the time of flight (TOF) mformatlons
< on.two bases * between scintillator counters S1 and S3. (length of 3.8 m) and. between 52 and-’

54 (0.97 m), b) the ionization losses in scintillators S2, 83, 54 and ¢) mten51ty of Cherenkov :

‘ “*radiation’ of particles in. ‘two ha.rd ra.dlators (Cl and-C2).. The typical TOF, spectra of

o shown in Flg 2

f“l shows 'the experrmental setup for mea.surement of analyzmg power A We used the G
magnetic spectrometer DISK and a polarrzed deuteron'beam i in, the momentum range from 'l

Lo swndd

ALPHA setup (15).: The typlcal va.lues of the pa.ra.meters for the up (+) and ”down ( )

The detailed: descrlpt1on of the magnetlc spectrometer _,(DISC” is glven in [16] so only“-
aibrlef descrrptlon follows = The angle at' which the* measurements have been pe formed

".* gap of the a.na.lyzmg ma.gnet The momentum resolutlon was Ap/p - 0.086. 'An 1dent1ﬁcatlon .

i pos1t1vely cha.rged partrcles ha.vmg momentum of 400 MeV/ c on the 3: 8 rn ba,se length are,

i 2 4. Asymmetry determmatron TS :
“In accordance with the usual conventlons [17] a Cartesxan coordlnate system was assumed

L “in the form o g z

EANIS

= cross—scctlon for the unpolarlzed beam, A,(f) and Ay (0) are the vector and tensor analyzmg
¢ powers of the reactron respectrvely and 8is the angle at wh1ch the measurement is performed.
~ A Cartesian’ descrlptlon of . tlie beam polarrzatlon states’ p% and pt; was also‘used where Z

o (seeeq( ))canbesolvedforA(G) o z ot SRl

SR Ly e f‘p}z;;y '
c A 0 ==
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“ties; the accuracy and stablllty of the beam and secondary partxcles rela.tlve mtenslty momt—
ormg a.re essentlal It is estlmated that the systematlc error on asymmetry in our experlment
does not exceed (2 5)% In partlcular this conclusion is based on- ~the direct lugh accuracy,
: mea.surements of asymmetry of the protons productlon ln the reglon where expected value
should be ‘zero-we have got the value of one spln a.symmetry equa.l to 0. 005 :l: 0 0)6

L
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3 Experlmental results and dlscuss1on

. 3 1.; One spm pion’ asymmetry in the dT+ H o + \’ processes :
The a.symmetrles of positively and negatrvely charged pions with momenta in‘the range

Jof. ‘A, at_the level of about 40'% has been’ observed at relatively low’ bea.m momenta.’ The.
: asymmetry sign-is a functlon of plon charge and asymmetry values decrease w1th mcreaslng
beam ‘momentum: % < - S

'Figs.3b and 3¢ show the Monte Carlo (MC) ca.lculated rela.tlve contrlbutlon of dlﬂ'erent

e w1th z-axis along the 1nc1dent beam momentum; y-axis wa.s deﬁned to be normal to the ™ .
S scattermg plane and’ parallel to the direction of 1nc1dent deuteron spin and X-axis to define .
% '{" a right-handed coordmate system Than the plon productlon cross-sectlon'may be. written :

(0)*‘— ao(0)’ (1+§pzA (9)+;P22Ayy(0l) o

whcre 7’+” B ”O” denote the correspondlng beam spm states 00(0) is the plon productlon o

o) 1;,

Cin order to a.voxd influences of false: asymmetrles and others possxble systematlc uncertam- :

Swas, related to:the deuterom source coordlnate system For tensor polarlzatlon of the beam :

i

300 = 350 MeV/¢ as™a function of incident beam momentum are: shown in Fig.3a. The "
» measurements were performed‘ at-angle of 90° in. the laboratory  system. “The large value '

P

channels of pion productlon in-the reactron d+H = =+ X, for 0; = 90° at'two beam '. O
.momenta Y 4 and 9 GeV/c We ha.ve used MC code [18] \whlch very “well descnbes the

§ HN




e experrmental results (multlphcrtles T spectra, cross- sectxons) in the hadron nucleus and

" nucleus-nucleus mteractrons at mtermedlate and hrgh energles {19]. As can be seen in Frgs Jb‘. SR

: and 3c, the behaviour of oné sp1n ‘pion asymmetry could be connected w1th the mechanlsms of . "
< p10n productron At 4 GeV/e bea.m momentum, where large asymmetry has been observed -
" in.the ‘experiment (Fig.3a); the negatlvely charged pions are produced mostly through the % :
* A% "resonance” chdnnels. At 9. GeV/c beam, momentum (small asymmetry region): plons{ ‘

" predominantly originate from the ”drrect - processes. ‘The similar picture, can be drawn up %"/
I for posrtrvely charged pions where, at low beam momenta, dommate Att channel of rt- o
" meson productron ‘In"short; the results ‘'of MC 'simulations indicate that the plOll analyung

S power is strongly affecte(l ‘hy the contrlbutlon of the mtermedrate A- resonance states.
“Fig.4a shows the one; sp1n 7 meson asymmetry, measured at beam momentum of 6.5

v,GeV/c as\a functron of pion momentum):The asymmetry slgn is negatlve Absolute value,v ,
. of 77 meson symmetry reaches ~ 50 % at p,,’,: 200 MeV/c and decreases wrth 1ncreasmg i
plon momentum Such a- behavrour of one spin’ asymmetry comcl(les w1th suppressnon of i

7 resonance” channels of 7~-meson production (Fig.4b).

The next 'set of the data, taken at 8 g9 GeV/c beam momentum is. shown 1n Flg 5 The;/‘

. 'vector analyzmg power of mclusrve plons is similar, to zero at low plon momenta Especlally
*‘interesting ‘is the behaviour’ of asymmetry at hlgher ‘pion momenta It e)usts theoretxcal

‘ ‘ arguments [20] based on. relat|v1st1c (leuteron model: [21], that for. the plon momentum of
- about" 600 MeV/c the one spm pxon a.symmetry should starts changmg the 51gn as a result ”"
" of the influence. of the deuteron D-wave. Moreover, these klnematlcal conditions correspondk
" -to'the’ cumulatlve region where, (lue to nonperturbatrve quark |nteract10ns the rise of the
: f‘absolute value of asymmetry is expected Neglectmg the some 1nd1cat10n of such’a behavrour 2

7

. Lto answer thls very 1mporta.nt questron better experlmental mformatlon is needed

4 3 2 One spm plon asymmetry in the dT-l— C —+ T X processes o5

: ‘F‘;asymmetry wa.s observed and its value is about few. percents (Fig.62). Comparmg the results

- pion productlon dommates m both cases. However high background produced by the target
e fragmentatlon in‘the dT C collision, i m addltron to the slgnlﬁcant p10n rescatterlng 'n
v nucleus ‘hardly s suppress the observation of the effect.” oy ;
At beam momentum of 6:5 GeV/c, one spin 1r+—meson a.symmetry is close to zero in the
‘ plon momentum range from 200 to 400 MeV/c (Flg 7a). One spin.m -meson asymmetry
s for 300 MeV/c, plon momentum has the value A, =(2. 2:!:1 1)% ‘In this kinematical reglon
o the A~ -channel of T —meson productron dommate (Flg 7b). 80 should be noted that the sign.,
"1 of the one spln s —meson asymmetry (llﬂ'ers from the, correspondrng one. observed in the
hydrogen target case, “This could 1nd1cate that the: type of the lntermedlate A resonance
state 1nvolved is essentlal for the srgn of the pion' analyzmg power NS I N
"The signs of the one Splﬂ\pIOH a.symmetry observed-in the experlment and MC calculated
most 1mportant plons sources n the correspondmg kmematlca.l regxons are presented in"
g Table 2, = - : Dl : i :

" In’the’ case of . carbon ta.rget at’ beam momentum of 3. 8 Get//c the posntrve 7r+—meson ;

wof MC srmulatlons presente(l in. the’ Flg 6b w1th the correspondlng results foria hydrogen .
‘\f‘target ‘one “could expect’ the slmllar effect (large asymmetry) because the A*t_channel of .

" ured. The different asymmetry signs, pOSlthe for 1r+ and negatlve for.m™~, were_ observed

’ momentum Pry.s

. unportant role in kmematrcal reglons where mea.sured one spJn plon asymmetry has a srgnl— L

reactron '-A’r+ s A’r RO
JTTH [+ (A7) [ = (A°) St
: e dT+C’ ,(A++) (A ) v
b / . v.7 (‘/' .

As can be seen, the one spm p10n asymmetry srgn lS strongly correlated w1th the type of
the resonance mvolved s e S . . .

v

4 Conclusrons

The one spm asymmetry in the d T +H — 1r + X and d T +C —+ g X processes /
has been measured for the first time. The experrment was performed at JINR Dubna Syn- i o
chropha.sotron using the polarlzed deuteron’ beam with momenta. in the range from dto9
" GeV/c..The results can be summarized as follows: .= R

"1} Large one spin pion’ asymmetry (up to 50 %) in the d 1 +H St + X processes at
deuteron momenta p; = 3.5 +'6. 5 GeV/c. and for. p; = "300 + 350 MeV/c has been meas- . [ -

The absolute value of asymmetry decreases w1th mcrea.srng beam momentum pd and pron

'/l E N

2) Posltrve slgn\and non zero values ( 5 %) of the one sprn plOIl a.symmetry 1n the fo
d T +C. = 1r+ 4+ X process at beam momentum Pa= 3.8 GeV/c were found; KIS
3) The results of simulation show . that resonance channels of p10n productlons play an' e

ﬁcant value
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Flgure 2 The TOF spectra. of posmvely cha.rged partlcles (p :
a.nd b) dT C CO"lSlOﬂS on the 38m base length
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. »5{'F1gure 3. a) The dependence of the asymmetnes of posmvely a.nd negatlvely charged plOIlS‘ ;
- from the reactions df + H = 7r*+X (ps = 3005 350 MeV/c), as afunctlon of incident beam - .
i :imomentum, b) MC calculated relatxve contnbutlon of different channels of pion productlon el
: in the d+ H—yao+ X process, (p¢ =4 GeV/c), asa functlon of plon momentum, c) the &
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'Flgure 6.2°a)'The dependence of the one e spin asymmetry in the dT + C' Sty X’reactxon ‘

" Yas.a function of pion momentum at'py=3.8 GeV/c; b) MC calculated relatlve conl;nbutlon S
of dxfferent channels of pion productlon in the d +, C = 1r+ + X\reactlon asa functlon of s e
plon momentum at’ pd =3.8 GeV/c i :

Flgure 5. The dependence of the one spm asymmetry in’ the dT + H dul +X reactlons on’
plon momentum at beam momentum of 8.9 GeV/c
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E Flgure 7. al The dependence of the ‘one spin a.symmetry in the 3T+C' =T +X reactlons as .
“a functlon of pion momentum at'pg = 6. 5 G’eV/c b) the same as in Flg 6b but for ™ -meson —
T.‘and at 65 G’eV/c beam momentum B TR “_i; G e s
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