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MEASUREMENT OF �0 AND ��0 POLARIZATIONIN �� CC INTERACTIONS IN NOMAD�Dmitry V. NaumovFor the NOMAD CollaborationJoint Institute for Nu
lear Resear
h, Dubna, Russia(Re
eived June 5, 2002)The �0 and ��0 polarizations in �� 
harged 
urrent intera
tions havebeen measured in the NOMAD experiment. The event sample (8087 re
on-stru
ted �0's and 649 ��0's) is more than an order of magnitude larger thanthat of previous bubble 
hamber experiments, while the quality of eventre
onstru
tion is 
omparable. For the �0 hyperons we observe negativepolarization along the W -boson dire
tion whi
h is enhan
ed in the targetfragmentation region: Px(xF < 0) = �0:21�0:04(stat)�0:02(syst). In the
urrent fragmentation region we �nd Px(xF > 0) = �0:09 � 0:06(stat) �0:03(syst). A signi�
ant transverse polarization (in the dire
tion orthogo-nal to the �0 produ
tion plane) has been observed for the �rst time in aneutrino experiment: Py = �0:22�0:03(stat)�0:01(syst). The dependen
eof the absolute value of Py on the �0 transverse momentum with respe
tto the hadroni
 jet dire
tion is in qualitative agreement with the resultsfrom unpolarized hadron-hadron experiments. The polarization ve
tor of��0 hyperons measured for the �rst time in neutrino intera
tions is foundto be 
onsistent with zero.PACS numbers: 13.88.+e, 13.15.+g1. Introdu
tionIt is very interesting to measure both longitudinal and transverse �0and ��0 polarizations in �N deep inelasti
 pro
ess due to di�erent physi
alme
hanisms related to them. When I was presenting �rst time the NOMADresults on �0 polarization measurement at SPIN2000 Symposium (Osaka,Japan) [1℄ I followed the 
ommon belief that a 
ut on xF 
an separate tar-get remnant from the stru
k quark fragmentation regions. This assump-tion leads to a possibility to observe the e�e
t of the polarized intrinsi
� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3791)



3792 D.V. Naumovstrangeness at xF < 0 (target fragmentation region) and to measure thespin transfer 
oe�
ient C�0q in quark to �0 fragmentation at xF > 0. How-ever, re
ently it was found that beam energies of all experiments involved in�0 polarization measurements are too low to disentagle quark fragmentationregion from the target remnant [2℄ and all the experiments deal mainly withleft over diquark fragmentation. Therefore, the interpretation of the data atxF > 0 should be 
hanged.The transverse polarization of �0 hyperons has been observed for a longtime in unpolarized hadron�hadron experiments [3℄, and was never observedin (anti)neutrino nu
leon DIS experiments [4℄. This surprising feature 
hal-lenges experimental and theoreti
al e�orts in this �eld. It is interesting tonote that the transverse polarization of ��0 hyperons measured in hadronexperiments is 
onsistent with zero.Let me skip here the details of the re
onstru
tion and identi�
ation pro-
edures of �0 and ��0 hyperons and redire
t the interested reader to theoriginal literature [5, 6℄. As a result we obtained 8087 (649) re
onstru
tedand identi�ed �0 ( ��0) hyperons with about 4% (10%) ba
kground 
ontam-ination in our data samples. These samples are used for the polarizationanalyzes reported below. The �0 ( ��0) polarization is measured through theasymmetry in the angular distribution of the protons (pions, �+) in the par-ity violating de
ay pro
ess �0 ! p�� ( ��0 ! �p�+). In the �0 ( ��0) rest framethe de
ay protons (pions, �+) are distributed as: 1N dNd
 = 14� (1 + ��P � k) ;where P is the �0 ( ��0) polarization ve
tor, �� = 0:642�0:013 [7℄ is the de-
ay asymmetry parameter and k is the unit ve
tor along the de
ay positively
harged tra
k (proton for �0 ! p�� and pion for ��0 ! �p�+) dire
tion. Wede�ne the quantization axes as follows:� nx = eW , where eW is the re
onstru
ted W -boson dire
tion;� ny = eW �eT=jeW �eTj axis is orthogonal to the �0 ( ��0) produ
tionplane;� nz = nx � ny. 2. Results and dis
ussionTable I displays the results for the polarization of �0 hyperons in oursample as a fun
tion of xF. We observe negative longitudinal (�Px�) andtransverse (�Py�) polarizations of �0's whi
h are enhan
ed in the targetfragmentation region. Note that transverse polarization has never been ob-served before in (anti)neutrino nu
leon DIS experiments. The polarizationve
tor of ��0 hyperons measured at di�erent 
uts on xF and xBj is shown inTable II. One 
an 
on
lude that this ve
tor is 
onsistent with zero within thestatisti
al errors. In what follows we present further results for �0 hyperons.
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e of the �0 polarization on xF in �� CC events (statisti
al errors only).�0 PolarizationSele
tion Entries hxFi Px Py Pzfull sample 8087 �0:18 �0:15� 0:03 �0:22� 0:03 �0:04� 0:03xF < 0 5608 �0:36 �0:21� 0:04 �0:26� 0:04 �0:08� 0:04xF > 0 2479 0:21 �0:09� 0:06 �0:10� 0:06 0:02� 0:06TABLE II�� polarization in �� CC events (the error is statisti
al).�� PolarizationSele
tion Entries Px Py Pzfull sample 649 �0:07� 0:12 0:09� 0:13 0:10� 0:13xF < 0 248 0:23� 0:20 0:04� 0:20 �0:08� 0:21xF > 0 401 �0:23� 0:15 0:10� 0:17 0:25� 0:16xBj < 0:2 331 �0:12� 0:17 0:08� 0:18 0:01� 0:17xBj > 0:2 318 �0:03� 0:17 0:10� 0:18 0:20� 0:19The dependen
e of the longitudinal polarization of �0 on W 2 at xF < 0is shown in Fig. 1. Large negative Px is observed at smallW 2, while at largerW 2 the longitudinal polarization vanishes. We have performed a study of thedependen
e of the transverse polarization on the �0 transverse momentumwith respe
t to the jet dire
tion (pT) in xF < 0 region and found it to be inqualitative agreement (both sign and shape) with that found in unpolarized
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3794 D.V. Naumovhadron-hadron 
ollisions [3℄. Also, we observed no dependen
e of Py onW 2.These features make possible to 
on
lude that the origin of the transversepolarization is in the fragmentation pro
ess.Imposing a 
ut on the sum of 
harges of the all outgoing tra
ks from theprimary vertex (Qtot) of the event we 
an study �0 polarization on di�erenttarget nu
leons. We sele
t ��p (��n)-like events requiring Qtot�1 (Qtot�0)with purity of the sele
tion 76% (85%). The results are summarized inTable III. There is a strong dependen
e of the polarization ve
tor on thetype of the target nu
leon. TABLE IIIThe dependen
e of the �0 polarization on the type of target nu
leon.�0 PolarizationTarget Entries Px Py Pz�proton� 3472 �0:26� 0:05 �0:09� 0:05 �0:07� 0:05xF < 0 2407 �0:29� 0:06 �0:10� 0:06 �0:09� 0:06xF > 0 1065 �0:23� 0:09 �0:06� 0:09 �0:02� 0:10�neutron� 4615 �0:09� 0:04 �0:30� 0:04 �0:03� 0:05xF < 0 3201 �0:16� 0:05 �0:37� 0:05 �0:07� 0:05xF > 0 1414 0:01� 0:08 �0:11� 0:08 0:04� 0:09A 
omparison of our data to theoreti
al 
al
ulations [2℄ is presented inFig. 3. The 
al
ulations [2℄ are based on SU(6) plus polarized intrinsi
strangeness model for the diquark fragmentation and it uses SU(6) modelto take into a

ount spin transfer from quark fragmentation. One 
an 
on-
lude that this model ni
ely des
ribes the NOMAD data on the longitudinalpolarization though it is not as good in des
ribing the target nu
leon e�e
tsobserved by the NOMAD (see Table IV). Still there is no model able to ad-dress the transverse polarization measured by the NOMAD Collaboration.TABLE IVDependen
e of the polarization of � hyperons produ
ed in �� CC DIS on the typeof target nu
leon predi
ted in [2℄ 
ompared with the NOMAD data.Target nu
leonP� (%) isos
alar proton neutronmodel A �17.4 �11.4 �20.2model B �19.3 �18.1 �19.9NOMAD �15.0�3 �26.0�5 �9.0�4
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tions of model A � solid line and model B � dashed line, forthe polarization of � hyperons produ
ed in �� 
harged-
urrent DIS intera
tions o�nu
lei as fun
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