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Thehigh-momentunstructureof the®He, *H anddeuterorin the experimentwith polarized
deuterorbeamperformedat E4=270MeV at RIKEN, Japann Decembe2000,wasinves-
tigated. For this purposethe angulardependencef the tensorandvectoranalyzingpowers
weremeasuredor thereactionsd + d! 3H + pandd+d! S3He+ n. In this reportthe
resultson the tensorAyy andvectorAy analyzingpowersare presentedn the full angular
range. The enegy dependencef the tensoranalyzingpower Ty at a zerodegreeis also
shawvn. Firstresultsonthe Ay andAyy inthed +d! p + X reactionnearthresholdare
obtained.

PACS: 24.70.+s21.45.+v

1 Intr oduction

The structureof light nucleicanbe investigatedy electromagnetiandhadronicprobes.Sim-
ple reactionawith largetransfermomentum(shortdistancesandone-nucleon-gchangg ONE)
mechanismared +p! p+d[1]-[2],d+3He! p+“4He[3]-[4] ord+3He! S3He+d][5].
In the framework of ONE approximatiorthe polarizationobsenablesof thesereactionsare ex-
pressedn termsof the D/S-wavesratiosin thesenuclei. However, polarizationobsenablesand
calculationwithin ONE approximatiorwith the standarddeuterorand *He wave functionsare
strongly differ even at relatively small internalmomenta( 200 MeV/c). This discrepancies
maybedueto anon-adequatdescriptiorof thelight nucleusspinstructureat shortdistancesas
well asby theimportanceof mechanisnotherthanONE.
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Oneof the next currentinterestfor investigationof few-nucleonsystemis the studyof three
nucleonforces(3NF)in thethree-nucleorcontinuum.They waspredictedoy Wignerin 1933[6]
and rst calculationwasmadein 1934. If mesonsnediateforce betweertwo nucleonsjn three
nucleonsystemsthey mustraiseits contribution.

2 Experiment

Theexperimentwasperformedat RIKEN AcceleratoResearcliracility (RARF) (seeFig. 1).

Fig. 1. A) RIKEN AcceleratoiResearchracility (RARF), B) SMART spectrograph

Thedirectionof symmetricaxis of the beampolarizationwas controlledwith a Wien Iter
locatedat theexit of polarizedion source(PIS).

The deuterorvector(pz ) andtensor(pzz ) beampolarizationwith respecto their cylindri-
cally symmetricaxisZ arede ned by

Pz = N+ N 1)
Pzz = N+ + N 2No; (2)
whereN., N andNg denotesthe fractionsof deuteronbeamin magneticsubstates-1, -1

andO, respectrely. In this experiment,four spin modeswere used,whoseideal magnitudef
polarizationsare

mode0: (pz;pzz) = (0;0); ®)
model: (pz;pzz) = (0; 2); )
mode2: (pz;pzz) = ( 2=3;0); ®)
mode3: (pz;pzz) = (1=3;1): )

The modeO - unpolarizedmode,model - puretensormode,mode?2 - pure vectormode
andmode3 is mixed mode. The obtainedpolarizationvalueswere  75% of theideal values.
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The polarizeddeuteronbeamwasacceleratedip to 270 MeV by the combinationof the AVF
cyclotronandRing cyclotron. The beampolarizationsveremeasuredavith D-room polarimeter
(DroomPOL)locatedat D-roomandSwingerpolarimetef SWPOL)just beforethetarget. Both
polarimeteraitilize d + p elasticscatteringor polarimetryandvalueof polarizatiorwerederived
usingknown analyzingpowersAy, Ayy, Ay andAy; [7] [8].

DeuterategbolyethylengCD,) sheetsvith 0.72and0.32mg/mn? wereusedasatargetand
carbonfoil with 0.34mg/mn? wasusedfor measuremendf backgroundspectra.

Thescatteringangleof the polarizeddeuterorbeamwerecontrolledby rotatingthe Swinger
Scatteregbarticles(®*H, *He or p) weremomentunanalyzedvith quadrupolenddipolemagnets
(Q-Q-D-Q-D)anddetectedvith MWDC followedby thethreeplasticscintillatorsatthe second
focalplane.

3 Detectionand analysis

Criteriausedfor theidenti cation of the scatteregarticles®H, 3He or protonfrom thereaction
d+d! 3H+p(d+d! S3He+ n)arethefollowing: particlemustberegisteredn theall three
scintillationdetectorandit wasselectedy the correlationof theenegy lossesn the 1standthe
2nd andthe 1standthe 3rd scintillation detectorsRadiofrequeng signalof the cyclotronwas
usedasa referenceof time-of- ight measurement.

The main sourceof the backgroundvas®He, *H andprotonsfrom thed + *2C interaction.
The numberof useful eventswere obtainedby the subtractionof the momentaspectraon the
CD, andC foils. To obtaintheanalyzingpowersAy andA,, forthed+d! 3H+p (®He + n)
reactionswe usedthe asymmetriesand beampolarizationvaluesfor the three different spin
modes:

Nelxp( em) = 1+ %p)l/yAyy( cm); @)
3

Nezxp( em) = 1+ Ep)Z/Ay( cm); (8)

NZo( em) = 1% A en) * B A ( en); ©

whereN1 N2 andN2  arerelativeyieldsfor 1st,2ndand3rd modenormalizecdby theyield
exp 'Nexp exp y y y

for unpolarizednode.

4 Resultsand discussion

Thetensoranalyzingpower Tog at ¢ = 0 or 180 (seeFig. 2) is simplegivenby [10], [11]

1 2" 3ugw)  w(k)? |
2 uk)r+wkz

Tao = (10)

whereu(k) andw(k) arethe S-andD-wave functionsfor 3He (*H) or deuterorfor ¢, = 0
or 180 , respectiely.
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Fig. 2. Tensoranalyzingpower Too at ¢n = 0 (upper ve symbols)and ¢n = 180 (lowerthree

symbols)at E 4= 270, 200 and 140 MeV. The *He + n (3H + p) channelare presentedby solid (open)
symbols.Thesolid anddashedturvesarecalculatedisingUrbana® He wave function.

The ONE predictionsreproduceancidentenegy dependencandthe sign of the experimen-
tal data. Sincethe Tyo at0 and 180 is directly connectedwith D/S ratio of *He (3H) or
deuteror|10], the differenceof signsof Top at0 and180 re ects the differencein therelative
signof wave functionsu(k) andw(k) for *He@H) or deuteron.

Theresultsfor the tensorAyy andvectorA, analyzingpower at enegy Eq=270MeV are
presentedh Fig. 3[9].

In the ONE approximatiorthevectoranalyzingpower Ay equalgto zero,but somestructures
areobsenredin the experimentalresults. Theseresultswill be a clueto investigatehereaction
mechanisnbeyondthe ONE model.

ONE calculationspredictthatthe tensoranalyzingpower at forward anglesare sensitve to
the structure®H (3He) but they are deviate remarkablyfrom the experimentalresults. These
resultsmay imply thatthereis a problemin the realistic*H (*He) wave functionsusedin the
ONE calculations.

The experimentaldataon Ay, for thesereactionsshavs sensitvity to the spin structureof
deuteroratbackwardangles.

The experimentalresultsfor the 3H and3He at angleslargerthan30 arein the agreement
within statisticalerrors. At smalleranglesthe differencein the analyzingpowersis obsened,
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however theseresultsrequirefurtherinvestigationof the systematicsThereforeat the moment,
we cannotconcludethatthe effect of chage symmetrybreakingwasobsened (Fig. 4).
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Fig. 3. Theresultsfor the tensorAyy andthe vectorAy analyzingpowersin the centre-of-mas$rame
at enegy E4=270 MeV. The openand solid circles are for caseof the *H + p and3He + n channels,
respectiely. Thetrianglesare®*H + p channeldor the caseof protondetection.The solid, dot-dashednd
long-dasheatunes are the resultsof ONE calculationg11] usingUrbana[12], Paris[13] and Reid soft
core[14] *He wave functions respectiely.
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As a byproductof the experimentthe dataon Ay, and Ay for the breakupreactionnear
thresholdwere obtained.Monte Carlo simulationshasbeenperformedat E 4=270MeV of the
initial enegy andat small protonemissionanglesaccordancevith threeandtwo particlephase
spacgFig.5).

Onecanseethatthe two particlephasespace(p dn - atthe nal state)well reproduceshe
experimentalexcitation enegy nearthreshold. The threeparticles nal state(p pnn)is quite
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Fig. 5. Typical exampleof the obtainedenepgy spectraof d + d! p + X reactionat emissionangle

em = 8 . Thehistogramgivenby thesolidline is theexperimentaataford+d! p+ X. Thehistogram
givenby thedot-dashedine andtheshadwedoneareeventsford+d! p+dNandd + d! p + pnn
reactionsrespectiely, generatedby Monte-Carlo.

smallwithin the acceptancef the spectrometerOnecansaythatthe FSlis insigni cant in this
regionford+d! p+ X breakupreaction.

The rst experimentaresultsof Ay, andAy analyzingpowersford+d! p+ X reactionat
thesmallprotonemissionanglesat E 4=270MeV for differentvaluesof Ex =7 MeV andE4 =10
MeV are presentedFig. 6). The comparisonof the polarizationobsenablesof the breakup
andthe binary reactionsgive us the opportunityto concludethatthey arein agreementithin
achievederrors.

5 Conclusions

The ONE predictionsreproducedhe incidentenegy dependencandthe signsof the experi-
mentaldataT,g.

The resultsfor the tensorA,, andvectorA, analyzingpower ford +d! 3*H + p and
d+ d! 3He + natenegyE4=270MeV areobtained.

ONE calculationspredictthat the tensoranalyzingpower at forward anglesare sensitve to
thestructure’H (3He) but they aredeviateremarkablyfrom the experimentaresults.

The experimentaldataon Ay, for thesereactionsshavs sensitvity to the spin structureof
deuteroratbackwardangles.

In the ONE approximationthe vectoranalyzingpower Ay equalsto zero, but we seesome
structuresn the experimentaresults.
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Fig. 6. The experimentalresultsof Ayy andAy analyzingpoversfor d+d! p+ X reactionat E4q=270
MeV.

The experimentalresultsfor the *H and®He arein the agreementvithin achieved errors,
thereforewe cannotconcludethatthe effect of chaige symmetrybreakingwasobsened.

The experimentaresultsof Ay, andAy analyzingpowersford+d! p+ X reactionatthe
smallemissionanglesat E4=270MeV arepresented.
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