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Thehigh-momentumstructureof the3He,3H anddeuteronin theexperimentwith polarized
deuteronbeamperformedat Ed=270MeV at RIKEN, Japanin December2000,wasinves-
tigated. For this purposetheangulardependenceof the tensorandvectoranalyzingpowers
weremeasuredfor the reactionsd + d ! 3H + p andd + d ! 3He + n. In this reportthe
resultson the tensorA y y andvectorA y analyzingpowersarepresentedin the full angular
range. The energy dependenceof the tensoranalyzingpower T20 at a zerodegreeis also
shown. First resultson the A y andA y y in the d + d ! p + X reactionnearthresholdare
obtained.

PACS: 24.70.+s,21.45.+v

1 Intr oduction

Thestructureof light nucleicanbeinvestigatedby electromagneticandhadronicprobes.Sim-
ple reactionswith largetransfermomentum(shortdistances)andone-nucleon-exchange(ONE)
mechanismared + p ! p + d [1]- [2], d + 3He ! p + 4He [3]- [4] or d + 3He ! 3He + d [5].
In theframework of ONE approximationthepolarizationobservablesof thesereactionsareex-
pressedin termsof theD/S-wavesratiosin thesenuclei. However, polarizationobservablesand
calculationwithin ONE approximationwith thestandarddeuteronand3He wave functionsare
stronglydiffer even at relatively small internalmomenta(� 200 MeV/c). This discrepancies
maybedueto anon-adequatedescriptionof thelight nucleusspinstructureatshortdistances,as
well asby theimportanceof mechanismotherthanONE.
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Oneof thenext currentinterestfor investigationof few-nucleonsystemis thestudyof three
nucleonforces(3NF) in thethree-nucleoncontinuum.They waspredictedby Wignerin 1933[6]
and�rst calculationwasmadein 1934.If mesonsmediateforcebetweentwo nucleons,in three
nucleonsystems,they mustraiseits contribution.

2 Experiment

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

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

The directionof symmetricaxisof thebeampolarizationwascontrolledwith a Wien �lter
locatedat theexit of polarizedion source(PIS).

Thedeuteronvector(pZ ) andtensor(pZ Z ) beampolarizationwith respectto their cylindri-
cally symmetricaxisZ arede�ned by

pZ = N+ � N � ; (1)

pZ Z = N+ + N � � 2N0; (2)

whereN+ , N � and N0 denotesthe fractionsof deuteronbeamin magneticsubstates+1, -1
and0, respectively. In this experiment,four spinmodeswereused,whoseidealmagnitudesof
polarizationsare

mode0: (pZ ; pZ Z ) = (0; 0); (3)

mode1: (pZ ; pZ Z ) = (0; � 2); (4)

mode2: (pZ ; pZ Z ) = (� 2=3; 0); (5)

mode3: (pZ ; pZ Z ) = (1=3; 1): (6)

The mode0 - unpolarizedmode,mode1 - pure tensormode,mode2 - purevectormode
andmode3 is mixedmode.Theobtainedpolarizationvalueswere� 75%of the idealvalues.
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The polarizeddeuteronbeamwasacceleratedup to 270 MeV by the combinationof the AVF
cyclotronandRing cyclotron. Thebeampolarizationsweremeasuredwith D-roompolarimeter
(DroomPOL)locatedat D-roomandSwingerpolarimeter(SWPOL)just beforethetarget.Both
polarimetersutilize d + p elasticscatteringfor polarimetryandvalueof polarizationwerederived
usingknown analyzingpowersAy , Ayy , Axx andAxz [7] [8].

Deuteratedpolyethylene(CD2) sheetswith 0.72and0.32mg/mm2 wereusedasa targetand
carbonfoil with 0.34mg/mm2 wasusedfor measurementof backgroundspectra.

Thescatteringangleof thepolarizeddeuteronbeamwerecontrolledby rotatingtheSwinger.
Scatteredparticles(3H, 3Heor p) weremomentumanalyzedwith quadrupoleanddipolemagnets
(Q-Q-D-Q-D)anddetectedwith MWDC followedby thethreeplasticscintillatorsat thesecond
focalplane.

3 Detectionand analysis

Criteriausedfor theidenti�cation of thescatteredparticles3H, 3He or protonfrom thereaction
d + d ! 3H + p (d + d ! 3He + n) arethefollowing: particlemustberegisteredin theall three
scintillationdetectorsandit wasselectedby thecorrelationof theenergy lossesin the1standthe
2ndandthe1standthe3rd scintillationdetectors;Radiofrequency signalof thecyclotronwas
usedasa referenceof time-of-�ight measurement.

Themainsourceof thebackgroundwas3He, 3H andprotonsfrom thed + 12C interaction.
The numberof usefuleventswereobtainedby the subtractionof the momentaspectraon the
CD2 andC foils. To obtaintheanalyzingpowersAy andAyy for thed + d ! 3H + p (3He + n)
reactionswe usedthe asymmetriesand beampolarizationvaluesfor the threedifferent spin
modes:
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whereN 1
exp , N 2

exp andN 3
exp arerelativeyieldsfor 1st,2ndand3rdmodenormalizedby theyield

for unpolarizedmode.

4 Resultsand discussion

ThetensoranalyzingpowerT20 at � cm = 0� or 180� (seeFig. 2) is simplegivenby [10], [11]

T20 =
1

p
2

2
p

2u(k)w(k) � w(k)2

u(k)2 + w(k)2 ; (10)

whereu(k) andw(k) aretheS- andD-wave functionsfor 3He (3H) or deuteronfor � cm = 0�

or 180� , respectively.
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Fig. 2. Tensoranalyzingpower T20 at � cm = 0� (upper� ve symbols)and� cm = 180� (lower three
symbols)at Ed= 270, 200 and140 MeV. The 3He + n (3H + p) channelarepresentedby solid (open)
symbols.ThesolidanddashedcurvesarecalculatedusingUrbana3He wave function.

TheONE predictionsreproduceincidentenergy dependenceandthesignof theexperimen-
tal data. Sincethe T20 at 0� and 180� is directly connectedwith D/S ratio of 3He (3H) or
deuteron[10], thedifferenceof signsof T20 at 0� and180� re�ects thedifferencein therelative
signof wave functionsu(k) andw(k) for 3He(3H) or deuteron.

The resultsfor the tensorAyy andvectorAy analyzingpower at energy Ed=270MeV are
presentedin Fig. 3 [9].

In theONEapproximationthevectoranalyzingpowerA y equalsto zero,but somestructures
areobservedin theexperimentalresults.Theseresultswill bea clueto investigatethereaction
mechanismbeyondtheONEmodel.

ONE calculationspredictthat the tensoranalyzingpower at forwardanglesaresensitive to
the structure3H (3He) but they are deviate remarkablyfrom the experimentalresults. These
resultsmay imply that thereis a problemin the realistic 3H (3He) wave functionsusedin the
ONEcalculations.

The experimentaldataon Ayy for thesereactionsshows sensitivity to the spin structureof
deuteronat backwardangles.

Theexperimentalresultsfor the 3H and3He at angleslarger than30� arein theagreement
within statisticalerrors. At smalleranglesthe differencein the analyzingpowersis observed,
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however theseresultsrequirefurther investigationof thesystematics.Thereforeat themoment,
wecannotconcludethattheeffectof chargesymmetrybreakingwasobserved(Fig. 4).

Fig. 3. The resultsfor the tensorA y y andthe vectorA y analyzingpowers in the centre-of-massframe
at energy Ed=270 MeV. The openand solid circles are for caseof the 3H + p and 3He + n channels,
respectively. Thetrianglesare3H + p channelsfor thecaseof protondetection.Thesolid,dot-dashedand
long-dashedcurvesarethe resultsof ONE calculations[11] usingUrbana[12], Paris [13] andReid soft
core[14] 3Hewave functions,respectively.

Fig. 4. A y 3H e � A y 3H andA y y 3H e � A y y 3H difference.

As a byproductof the experimentthe dataon Ayy and Ay for the breakupreactionnear
thresholdwereobtained.MonteCarlosimulationshasbeenperformedat Ed=270MeV of the
initial energy andat smallprotonemissionanglesaccordancewith threeandtwo particlephase
space(Fig.5).

Onecanseethat the two particlephasespace(p dn - at the �nal state)well reproducesthe
experimentalexcitation energy nearthreshold. The threeparticles�nal state(p pnn) is quite
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Fig. 5. Typical exampleof the obtainedenergy spectraof d + d ! p + X reactionat emissionangle
� cm = 8� . Thehistogramgivenby thesolid line is theexperimentaldatafor d + d ! p + X. Thehistogram
givenby thedot-dashedline andtheshadowedoneareeventsfor d + d ! p + dN andd + d ! p + pnn
reactions,respectively, generatedby Monte-Carlo.

smallwithin theacceptanceof thespectrometer. OnecansaythattheFSI is insigni�cant in this
region for d + d ! p + X breakupreaction.

The�rst experimentalresultsof Ayy andAy analyzingpowersfor d + d ! p + X reactionat
thesmallprotonemissionanglesat Ed=270MeV for differentvaluesof Ex =7 MeV andEx =10
MeV are presented(Fig. 6). The comparisonof the polarizationobservablesof the breakup
andthe binary reactionsgive us the opportunityto concludethat they arein agreementwithin
achievederrors.

5 Conclusions

The ONE predictionsreproducedthe incidentenergy dependenceandthe signsof the experi-
mentaldataT20.

The resultsfor the tensorAyy and vectorAy analyzingpower for d + d ! 3H + p and
d + d ! 3He + n at energy Ed=270MeV areobtained.

ONE calculationspredictthat the tensoranalyzingpower at forwardanglesaresensitive to
thestructure3H (3He)but they aredeviateremarkablyfrom theexperimentalresults.

The experimentaldataon Ayy for thesereactionsshows sensitivity to the spin structureof
deuteronat backwardangles.

In theONE approximationthevectoranalyzingpower A y equalsto zero,but we seesome
structuresin theexperimentalresults.
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Fig. 6. Theexperimentalresultsof A y y andA y analyzingpowersfor d + d ! p + X reactionat Ed=270
MeV.

The experimentalresultsfor the 3H and 3He are in the agreementwithin achieved errors,
thereforewe cannotconcludethattheeffectof chargesymmetrybreakingwasobserved.

Theexperimentalresultsof Ayy andAy analyzingpowersfor d + d ! p + X reactionat the
smallemissionanglesat Ed=270MeV arepresented.
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