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229Department of Physi
s, Tokyo Institute of Te
hnology, Tokyo 152, Japan30Department of Physi
s and Astronomy, Vrije Universiteit, 1081 HV Amsterdam, The Netherlands31Andrzej Soltan Institute for Nu
lear Studies, 00-689 Warsaw, Poland32Yerevan Physi
s Institute, 375036 Yerevan, ArmeniaThe HERMES experiment has measured the transverse polarization of � and �� hyperons pro-du
ed in
lusively in quasireal photoprodu
tion at a positron beam energy of 27.6 GeV. The trans-verse polarization P�n of the � hyperon is found to be positive while the observed �� polariza-tion is 
ompatible with zero. The values averaged over the kinemati
 a

eptan
e of HERMES areP�n = 0:078� 0:006 (stat)� 0:012 (syst) and P ��n = �0:025� 0:015 (stat)� 0:018 (syst) for � and ��,respe
tively. The dependen
es of P�n and P ��n on the fra
tion � of the beam's light-
one momentum
arried by the hyperon and on the hyperon's transverse momentum pT were investigated. The mea-sured � polarization rises linearly with pT and exhibits a di�erent behavior for low and high valuesof �, whi
h approximately 
orrespond to the ba
kward and forward regions in the 
enter-of-massframe of the 
�N rea
tion.PACS numbers: 13.88.+e, 13.60.-r, 13.60.RjINTRODUCTIONIn 1976, physi
ists at Fermilab measured the in
lu-sive produ
tion of � hyperons from high-energy proton-nu
leon s
attering, and found a striking result: the � par-ti
les produ
ed in the forward dire
tion and with trans-verse momenta greater than about 1 GeV were highlypolarized [1℄. Both the 300 GeV proton beam and theberyllium target were unpolarized. The � polarizationwas transverse and negative, dire
ted opposite to n̂, theunit ve
tor along the dire
tion ~pbeam � ~p�, whi
h is nor-mal to the produ
tion plane. This \self-polarization" of�nal-state hadrons is observed quite 
ommonly in thephotoprodu
tion of hyperons at low energies [2, 3℄, andin ex
lusive rea
tions su
h as elasti
 NN or �N s
atter-ing [4℄. The � polarization observable, proportional to~S� � n̂, where ~S� is the spin ve
tor of the �, represents asingle-spin asymmetry that is odd under naive time re-versal. (Naive time reversal refers to the appli
ation ofthe time reversal operator T̂ to ea
h of the four-momentain the rea
tion without ex
hanging the initial and �nalstates). Given the T -even nature of the strong and ele
-tromagneti
 intera
tions, su
h a naive T -odd observablemust arise through the interferen
e of two T -even ampli-tudes: one that involves a heli
ity 
ip and one that doesnot [5℄. The surprise of the Fermilab result was thatthe polarization also o

ured at high energies, in an in-
lusive measurement with many unobserved parti
les inthe �nal state. In this regime, perturbative QCD shoulda

urately des
ribe the partoni
 hard-s
attering subpro-
ess ab ! 
d. However, all heli
ity-
ip amplitudes aregreatly suppressed in hard intera
tions as heli
ity is 
on-served in the limit of massless quarks. The me
hanismresponsible for the polarization must thus arise from thenon-perturbative parts of the rea
tion, su
h as the frag-mentation pro
ess 
d ! �X . The produ
tion of a high-multipli
ity �nal state at high energies must involve alarge number of amplitudes. It seems remarkable thatthe phases of these amplitudes are 
orrelated to su
h a

degree that a pronoun
ed interferen
e e�e
t is observed.The polarization of � parti
les and other hyperons hasnow been observed and investigated in many high-energys
attering experiments, with a wide variety of hadronbeams and kinemati
 settings [6, 7, 8, 9℄. The polariza-tion of � parti
les in parti
ular is almost always found tobe negative, as in the original pN experiment. A notableex
eption to this rule is the positive polarization mea-sured in K�p [10℄ and ��N [8℄ intera
tions, where thebeam parti
les 
ontain valen
e s quarks. A rather 
on-sistent kinemati
 behavior of the polarization has beenobserved: its magnitude in
reases almost linearly withthe transverse momentum pT of the � hyperon up to avalue of about 1 GeV, where a plateau is rea
hed. Theabsolute polarization also rises with the Feynman vari-able xF with values around 0.3 at xF � 0:7.Possible me
hanisms for the origin of this polarizationwere reviewed in Refs. [11℄ and [12℄ for example. Noneof these models was able to a

ount for the 
ompleteset of available measurements. In parti
ular, no model
ould explain the ba�ing pattern of anti-hyperon polar-ization. Anti-hyperons produ
ed in pN s
attering 
on-tain no valen
e quarks in 
ommon with the beam andare expe
ted to have no polarization. Zero polariza-tion has indeed been 
onsistently measured in the re-a
tion pN ! ��X . However, studies of the rea
tionspN ! ��X and pp! �+X revealed anti-hyperon polar-izations of the same sign and magnitude as those of the
orresponding hyperons [13℄. These observations havepresented a de
ade-long puzzle in non-perturbative QCD.To our knowledge only one possible solution has beensuggested [14℄ so far.Given the large hyperon polarization observed inhadron-s
attering experiments, it is natural to wonderwhether a non-vanishing polarization also o

urs in �produ
tion by real and virtual photons at high ener-gies. Very little experimental information exists aboutthis e�e
t in photo- and ele
troprodu
tion. Transversepolarization in the in
lusive photoprodu
tion of neutral



3strange parti
les was investigated about 20 years ago atCERN [15℄ and SLAC [16℄. However, the statisti
al a

u-ra
y of these data is limited. The CERN measurements,for in
ident tagged photons with energies between 25 and70 GeV, resulted in an average polarization of 0:06�0:04.At SLAC, the overall polarization was observed to be0:09 � 0:07 for � hyperons produ
ed using a 20 GeVphoton beam. The SLAC experiment also investigatedthe dependen
e of the polarization on xF and observed ade
rease, with the polarization tending towards negativevalues for positive xF.EXPERIMENTThe HERMES experiment o�ers an ex
ellent opportu-nity to measure transverse � and �� polarization in therea
tion 
�N ! ~�X , using the 27.6 GeV positron beamof the HERA 
ollider and an internal gas target. Forsimpli
ity the symbol � will hen
eforward be used to re-fer to both the � and �� 
ases unless expli
itely statedotherwise. The HERMES dete
tor [17℄ is a magneti
spe
trometer whose geometri
 a

eptan
e is 
on�ned totwo regions in s
attering angle, arranged symmetri
allyabove and below the beam pipe. These regions are de-�ned by the re
tangular pole gaps in the spe
trometermagnet, and 
over the ranges �(40{140) mrad in the ver-ti
al 
omponent of the s
attering angle and �170 mradin the horizontal 
omponent. Between these regions isthe horizontal septum plate of the magnet, whi
h shieldsthe HERA beams from the spe
trometer's dipole �eld.Thus, only parti
les produ
ed with a polar angle greaterthan 40 mrad with respe
t to the beam axis are visible.Sin
e the standard HERMES trigger for deep-inelasti
rea
tions requires an energy of more than 1.4 GeV oroften even 3.5 GeV deposited in a lead-glass ele
tromag-neti
 
alorimeter, s
attered positrons may be dete
tedonly for events with Q2 above about 0.1 GeV2 (where�Q2 represents the four-momentum squared of the vir-tual photon). In the study des
ribed in this paper, thedete
tion of the s
attered positron was not required andthe �nal data sample is therefore dominated by the kine-mati
 regime Q2 � 0 GeV2 of quasireal photoprodu
tionwhere the 
ross se
tion is largest. The s
attered beampositron was dete
ted in 
oin
iden
e with a � in only6% of the events.A Monte Carlo simulation of the pro
ess using thePYTHIA event generator [18℄ and a GEANT [19℄ modelof the dete
tor was used to estimate the average kinemat-i
s of the � sample. An average virtual photon energy ofh�i � 16 GeV was obtained. A total of about 70% of thedete
ted � events lie below Q2 of 0.01 GeV2, and about90% lie below 0.5 GeV2. Due to the long tail at highervalues in the Q2 distribution, the average Q2 value is notrepresentative of the typi
al event kinemati
s. The mea-surement is thus kinemati
ally 
omparable to those at

CERN and SLAC, while o�ering a mu
h higher statisti-
al pre
ision. However, unlike in these two experiments,the kinemati
s of the quasireal photons are not knownon an event-by-event basis.This analysis 
ombines the data 
olle
ted at HERMESin the years 1996 { 2000. The sample in
ludes data takenwith both longitudinally polarized and unpolarized tar-gets, while the positron beam was always longitudinallypolarized. As the target spin dire
tion was reversed every90 se
onds, the average target polarization was negligiblysmall. The target spe
ies in
luded hydrogen, deuterium,and a variety of unpolarized heavier gases.EXTRACTION OF THE TRANSVERSEPOLARIZATIONBe
ause of the parity-
onserving nature of the strongintera
tion, any �nal-state hadron polarization in a rea
-tion with unpolarized beam and target must point alonga pseudo-ve
tor dire
tion. In the 
ase of in
lusive hy-peron produ
tion, the only available dire
tion of this typeis the normal n̂ to the produ
tion plane formed by the
ross-produ
t of the ve
tors along the laboratory-framemomenta of the positron beam (~pe) and the � (~p�):n̂ = ~pe � ~p�j~pe � ~p�j : (1)By the same parity 
onservation argument, the polar-ization in this transverse (i.e., normal) dire
tion 
annotdepend linearly on the longitudinal polarization of thetarget (PT) or the beam (PB). A dependen
e on theirprodu
t PTPB, however, is not forbidden. In this analy-sis most of the � data were 
olle
ted using unpolarizedtargets, and the luminosity weighted value of PBPT was0:0000 � 0:0005 for the entire data sample.A kinemati
 diagram of in
lusive � produ
tion and thede
ay �! p�� is given in Fig. 1. The � de
ay is shownin the � rest frame, where �p (see Eq. 3) is the angle ofproton emission relative to the axis given by the normaln̂ to the s
attering plane. Although n̂ is de�ned in Eq. 1using ve
tors in the laboratory frame, it is important tonote that the dire
tion is una�e
ted by the boost intothe � rest frame.The � hyperon is a uniquely useful parti
le in spinphysi
s: the parity-violating nature of its weak de
ay� ! p�� results in an angular distribution where theprotons are preferentially emitted along the spin dire
-tion of their parent �. The angular distribution of thede
ay produ
ts of the � may thus be used to measureits polarization, providing a rare opportunity to explorespin degrees of freedom in the fragmentation pro
ess. Inthe rest frame of the � it has the formdNd
p = dN0d
p (1 + �~P� � k̂p): (2)
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FIG. 1: S
hemati
 diagram of in
lusive � produ
tion andde
ay. The angle �p of the de
ay proton with respe
t to thenormal n̂ to the produ
tion plane is de�ned in the � restframe.Here, k̂p is the proton momentum unit ve
tor in the� rest frame, ~P� is the polarization of the �, and� = 0:642 � 0:013 is the analyzing power of the parity-violating weak de
ay [20℄. Assuming CP -invarian
e ofthe de
ay, the analyzing power for the �� is of oppositesign (��� = �0:642) [20℄. The quantity dN0=d
p denotesthe de
ay distribution of unpolarized � parti
les. As de-s
ribed above, only the normal 
omponent P�n of the �polarization may be non-zero in the present analysis, andso Eq. 2 may be rewritten asdNd
p = dN0d
p (1 + �P�n 
os �p): (3)For unpolarized � parti
les the distribution of the de-
ay parti
les is isotropi
 and dN0=d
p is simply a nor-malization fa
tor, independent of angle. In the 
ase oflimited spe
trometer a

eptan
e, however, it a
quires adependen
e on 
os �p.To extra
t the polarization of a sample of � hyper-ons from the angular distribution of their de
ay prod-u
ts in the a

eptan
e, one may determine the followingmoments:h
osm �pi � R 
osm �p dNd
p d
pR dNd
p d
p � R 
osm �p dNd
p d
pN�a

 ;(4)andh
osm �pi0 � R 
osm �p dN0d
p d
pR dN0d
p d
p � R 
osm �p dN0d
p d
pN�0;a

 ;(5)where m = 1; 2; :: . The symbol h:::i represents an aver-age over an a
tual data sample, while h:::i0 denotes anaverage over a hypotheti
al purely-unpolarized sample of� parti
les with an isotropi
 de
ay distribution. N�a

 andN�0;a

 are equal to the total number of � events for thesame luminosity a

epted by the spe
trometer. They arerelated by N�a

 = N�0;a

(1 + �P�n h
os �pi0): (6)

Combining Eqs. 3 - 6 one obtainsh
osm �pi = h
osm �pi0 + �P�n h
osm+1 �pi01 + �P�n h
os �pi0 : (7)The extra
tion of the � polarization P�n from the ex-perimental data is based on Eq. 7. The `polarized' mo-ments h
osm �pi 
an be determined by taking an averageover the experimental data set:h
osm �pi = 1N�a

 N�a

Xi=1 
osm �p;i: (8)The `unpolarized' moments h
osm �pi0 
annot be ex-tra
ted dire
tly from the data as no sample of unpo-larized � hyperons is available. Fortuitously, however,the extra
tion of the transverse � polarization from theHERMES data is greatly simpli�ed by the up/down mir-ror symmetry of the HERMES spe
trometer, even in the
ase of limited a

eptan
e. It 
an be readily shown thatthis geometri
 symmetry leads to the relationh
osm �pitop0 = (�1)mh
osm �pibot0 ; (9)where top and bot spe
ify events in whi
h the hyperon'smomentum was dire
ted above or below the midplane ofthe spe
trometer. Consequently all `unpolarized' unevenmoments of the full a

eptan
e fun
tion (top plus bot)are zero, and all even `polarized' moments are equal tothe `unpolarized' ones:h
osm �pi = h
osm �pi0 m = 2; 4; ::: : (10)The �rst moment of 
os �p may be 
al
ulated sepa-rately for the top and bot data samples to a

ount for apossible di�eren
e in the overall eÆ
ien
y of ea
h dete
-tor half. Using the symmetry relations (Eqs. 9 and 10),one obtains from Eq. 7 a system of two 
oupled equationsfor �P�n and h
os �pitop0 :�P�n = 
+=h
os2 �pi1� h
os �pitop0 
�=h
os2 �pi ; (11)h
os �pitop0 = 
�1� 
+�P�n ; (12)where 2
+ (2
�) is the sum (di�eren
e) of h
os �pitopand h
os �pibot. This system of 
oupled equations 
an besolved iteratively. The iteration 
onverges qui
kly. If onetakes �P�n = 
+=h
os2 �pi and h
os �pitop0 = 
� for the�rst iteration, then the solution of the se
ond iterationfor P�n and h
os �pitop0 reads:�P�n = 
+=h
os2 �pi1� 
2�=h
os2 �pi ; (13)h
os �pitop0 = 
�1� 
2+=h
os2 �pi : (14)



5Eq. 13 was used to determine the results presented inthis paper.The results for the `unpolarized' �rst moment of 
os �pdetermined in various kinemati
 bins from data werefound to be in very good agreement with those obtainedfrom a Monte Carlo simulation of the dete
tor.EVENT SELECTIONThe kinemati
s of the � hyperons whose de
ay prod-u
ts are both within the angular a

eptan
e of the HER-MES spe
trometer are su
h that the proton momentumis always mu
h higher than that of the pion. Theselow-momentum pions are often bent so severely in thespe
trometer magnet that they fail to rea
h the tra
k-ing 
hambers and parti
le identi�
ation dete
tors in theba
kward half of the spe
trometer. However, it is pos-sible to evaluate the momentum of su
h \short tra
ks"using the hits re
orded by the HERMES Magnet Cham-bers, a series of proportional 
hambers lo
ated betweenthe poles of the spe
trometer magnet [21℄. The a

ep-tan
e for � hyperons 
an be in
reased by almost a fa
torof two when these pion \short tra
ks" are in
luded inthe analysis. As non-pions in 
oin
iden
e with protonsare rare, parti
le identi�
ation (PID) is not essential forthese tra
ks. In 
ontrast, PID of the de
ay proton is im-portant for ba
kground redu
tion. For the data re
ordedprior to 1998, this was provided by a threshold �Cerenkov
ounter [17℄, whi
h was then repla
ed by a dual-radiatorRing-Imaging �Cerenkov dete
tor (RICH) [22℄. Pro-ton 
andidates were therefore required to be a positivehadron with the highest-momentum (leading hadron)having a \long tra
k", i.e., a tra
k that passed throughall dete
tors of the spe
trometer, and to be not identi�edas a pion.� events were identi�ed through the re
onstru
tionof se
ondary verti
es in events 
ontaining oppositely
harged hadron pairs. Two spatial verti
es were re
on-stru
ted for ea
h event. First the se
ondary (de
ay) ver-tex was determined from the interse
tion (i.e., point of
losest approa
h) of the proton and pion tra
ks. The hy-peron tra
k was then re
onstru
ted using this de
ay ver-tex and the sum of the proton and pion 3-momenta. Theinterse
tion of this tra
k with the beam axis determinedthe primary (produ
tion) vertex. For both verti
es thedistan
e of 
losest approa
h was required to be less than1.5 
m. Only those events with the primary vertex insidethe 40 
m long target 
ell were sele
ted. All tra
ks werealso required to satisfy a series of �du
ial-volume 
utsdesigned to avoid the edges of the dete
tor. Furthermorethe two hadron tra
ks were required to be re
onstru
tedin the same spe
trometer half to avoid e�e
ts 
aused bya possible misalignment of the two spe
trometer halvesrelative to ea
h other.Hadrons emitted from the primary vertex were sup-

pressed by two vertex separation requirements. Thetransverse distan
e between the de
ay vertex and thebeam axis was required to be larger than 1 
m. In the lon-gitudinal dire
tion the requirement z2 � z1 > 15(20) 
mwas imposed for � 
andidates, with z1 and z2 represent-ing the 
oordinates of the primary and se
ondary vertexpositions along the beam dire
tion. The 
hosen valuesof this vertex separation requirement were a 
ompromisebetween statisti
al pre
ision and low ba
kground of thedata sample.The resulting p�� and �p�+ invariant mass distribu-tions are shown in Fig. 2. The �tted mean value for the� (��) mass is 1.1157 GeV (1.1156 GeV) with a width of� = 2:23 MeV (2.20 MeV). For the polarization analysis,� and �� events within a �3:3� invariant mass windowaround the mean value of the �tted peak were 
hosen,and a ba
kground-subtra
tion pro
edure was applied asdes
ribed below. The �nal data sample 
ontained around259� 103 � and 51� 103 �� events.
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ate the invariant-massintervals used for the determination of the ba
kground polar-ization. RESULTSThe transverse polarization for the � and �� data sam-ples was extra
ted using Eq. 13. The 
ontribution of theba
kground under the � invariant mass peak to the po-larization was estimated using a side-band subtra
tionmethod. An independent polarization analysis was per-formed in ea
h kinemati
 bin of interest. For ea
h bin



6in � or pT (des
ribed below), the invariant mass spe
-trum was �t with a Gaussian plus a third-order polyno-mial. The �t was used to determine the number of signaland ba
kground events within a �3:3� window aroundthe peak. The polarization was 
al
ulated for the eventswithin this 
entral window, as well as within four \side-band" windows with widths of around 8 MeV, two in thelow- and two in the high-mass ba
kground regions, as in-di
ated by the shaded areas in Fig. 2. The polarizationsextra
ted from the sidebands were interpolated to obtainthe ba
kground polarization at the peak mass. The fra
-tion of ba
kground events � = NbgrN�+Nbgr within the peakwas typi
ally of order 15 %. The transverse polarizationwithin the � peak was 
orre
ted for this ba
kground 
on-tribution in ea
h kinemati
 bin as followsP�n = P�+bgrn � �P bgrn1� � : (15)The interpolated ba
kground polarization P bgrn wasaround 0:12 � 0:01 (0:13 � 0:02) for the � (��) sample.Be
ause of the small ba
kground 
ontamination, the net
orre
tion to the � and �� polarization was on averagebelow 0.01. The results for the extra
ted value of thetransverse � polarization were stable within the statisti-
al un
ertainty when the longitudinal vertex separationrequirement was varied between 10 and 25 
m.In order to estimate the systemati
 un
ertainty of themeasurement, similar analyses were 
arried out for re-
onstru
ted h+h� hadron pairs, with leading positivehadrons (�-like 
ase) and with leading negative hadrons(��-like 
ase). No PID (apart from lepton reje
tion)was applied to these hadrons, and so the sample waslikely dominated by �+�� pairs. Events within twomass windows above and below the � mass window(1:093 GeV < Mh+h� < 1:108 GeV, and 1:124 GeV <Mh+h� < 1:139 GeV) were sele
ted, where Mh+h� wasdetermined by assuming for the leading/non-leading par-ti
les the proton/pion masses respe
tively. Instead of re-quiring a displa
ed de
ay vertex, their point of 
losestapproa
h was required to be inside the target 
ell. Falsepolarization values of 0:012�0:002 and 0:018�0:002 werefound in the �-like and ��-like 
ases, respe
tively.As a se
ond measure of the systemati
 un
ertainty asample of K0s ! �+ �� events was used. The long-lived K0s provides a similar event topology to the � withtwo separated verti
es. The false polarization of K0s wasfound to be 0:012�0:004 in the �-like 
ase (with a leading�+) and 0:002� 0:004 in the ��-like 
ase.Possible dete
tor misalignments 
ould lead to imper-fe
tions in the up/down symmetry of the spe
trometer.In order to estimate the e�e
t of su
h misalignmentson the measured polarizations, Monte Carlo simulationswere performed using a spe
trometer des
ription with thetop and bottom halves misaligned by �0:5 mrad. Foursamples were generated, with input polarizations of 0,

0.05, 0.1 and 0.2, respe
tively. In addition a ba
kgroundpolarization of 0.15 was in
luded to better simulate theexperimental situation. The polarizations extra
ted fromthese Monte Carlo data samples were in agreement withthe input values within the statisti
al un
ertainty of0.005. A se
ond potential sour
e of a top/bottom spe
-trometer asymmetry is trigger ineÆ
ien
y. This was alsoinvestigated using Monte Carlo simulations. It was foundthat even an unrealisti
ally large di�eren
e of 30% in thetop/bottom eÆ
ien
y resulted in the re
onstru
ted po-larization being 
onsistent with the generated one.From the results of these studies the systemati
 un-
ertainties on the � and �� transverse polarizations weretaken to be 0.012 and 0.018, respe
tively.The good statisti
al a

ura
y of the full in
lusive dataset allows the dependen
e of the � and �� polarization on
ertain kinemati
 variables to be studied. As mentionedearlier, information on the virtual-photon kinemati
s isnot known on an event-by-event basis; 
onsequently, onlykinemati
 variables related to the eN system are avail-able. However, one may analyze the data using the kine-mati
 variable � � (E� + pz�)=(Ee + pe), where E�,pz� are the energy and z-
omponent of the � momentum(where the z-axis is de�ned as the lepton beam dire
tion),and Ee, pe are the energy and momentum of the positronbeam. This variable is the fra
tion of the beam positron'slight-
one momentum 
arried by the outgoing �. It isan approximate measure of whether the hyperons wereprodu
ed in the forward or ba
kward region in the 
�N
enter-of-mass system. The natural variable to use toseparate these kinemati
 regimes would be the Feynmanvariable xF = p�k =p�kmax evaluated in the 
�N system,where p�k is the �'s momentum along the virtual-photondire
tion, and p�kmax is its maximum possible value, butthis variable is not available in an in
lusive measurement.Nevertheless, as shown in Fig. 3, a simulation of the re-a
tion using the PYTHIA Monte Carlo reveals a useful
orrelation between � and xF. In parti
ular, all events at� � 0:25 are produ
ed in the kinemati
 region xF > 0,and for � < 0:25 there is a mixture of events originatingfrom the kinemati
 regions with xF > 0 and xF < 0.An indi
ation that the dominant produ
tion me
hanism
hanges at � values around 0.25 
an be observed in theratio of � to �� yields displayed in Fig. 4. The yields arenot 
orre
ted for a

eptan
e as PYTHIA Monte Carlostudies indi
ate that the dete
tion eÆ
ien
ies for � and�� are the same. Above � � 0:25, an approximately 
on-stant ratio of about 4 is seen. At lower values the ratioin
reases signi�
antly, likely indi
ating the in
uen
e ofthe nu
leon target remnant in � formation.The � and �� polarizations are shown as fun
tions of� in Fig. 5. The � polarization is about 0.10 in the re-gion � < 0:25, and about 0.05 at higher �. Combiningall kinemati
 points together, the average � transverse
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tion.polarization isP�n = 0:078� 0:006(stat)� 0:012(syst): (16)For the �� measurement, no kinemati
 dependen
e is ob-served within the statisti
al un
ertainties. The net ��transverse polarization isP ��n = �0:025� 0:015(stat)� 0:018(syst): (17)It should be noted that for ea
h point in � the valueof the hyperon's mean transverse momentum hpTi is dif-ferent as is shown in the lower panel of Fig. 5. Here pTis de�ned with respe
t to the eN system rather than tothe 
�N system as, again, the virtual-photon dire
tion
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alun
ertainties, and the outer error bars represent the statisti
aland systemati
 un
ertainties added in quadrature.was not determined in this in
lusive analysis. In Fig. 6,the transverse � and �� polarizations are shown versuspT for the two intervals � < 0:25 and � > 0:25. In bothregimes the � polarization rises linearly with pT, resem-bling the linear rise of hyperon polarization magnitudewith pT that was 
onsistently observed in the forwardprodu
tion of hyperons in hadroni
 rea
tions. For the��, again no kinemati
 dependen
e of the polarization isobserved within statisti
s.DISCUSSIONThe transverse � polarization measured by HERMESin the 
�N ! �X rea
tion is positive, in 
ontrast to thenegative values observed in almost all other rea
tions.Very few theoreti
al models of the kinemati
 dependen
eof � polarization in photo- or ele
troprodu
tion are avail-able for 
omparison with the data. Negative transverse� and �� polarizations were predi
ted for the ele
tropro-du
tion 
ase in Ref. [23℄, where transverse � polariza-tion is asso
iated with the T -odd fragmentation fun
tionD?1T(z;Q2), one of eight fragmentation fun
tions iden-ti�ed in a 
omplete tree-level analysis of semi-in
lusivedeep-inelasti
 s
attering [24℄. However, these 
al
ula-tions are 
on�ned to the high-Q2 regime of deep-inelasti
s
attering.One may spe
ulate on the reason for the positive �polarization in 
�N ! �X . In the model given inRef. [25℄, for example, forward-going � parti
les pro-
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al un
ertainties, and the outer error barsrepresent the statisti
al and systemati
 un
ertainties added inquadrature.du
ed in proton-proton s
attering are formed from there
ombination of a high-momentum spin- and isospin-singlet ud diquark from the beam with a strange seaquark from the target or the fragmentation pro
ess. Thenegative � polarization then arises from the a

elerationof the strange quark, via the Thomas pre
ession e�e
t.Conversely, the positive � polarization observed withK�and �� beams is indi
ative of the de
eleration of strangequarks from the beam. The positive polarization ob-served in the HERMES quasireal photoprodu
tion data

might therefore indi
ate that the 
 ! s�s hadroni
 
om-ponent of the photon plays a signi�
ant role in in
lusive� produ
tion.The di�erent average magnitude of P�n for � below andabove 0.25 and the in
rease of the ratio of � to �� yields atlow values of � might be an indi
ation of di�erent hyperonformation me
hanisms in the \ba
kward" and \forward"kinemati
 regions, i.e., re
ombination of a quark from thebeam with a diquark from the target in the \ba
kward"region, and with a diquark from a string-break in the\forward" region.The positive transverse polarization of � hyperonshas indeed been explained in a quark-re
ombinationmodel [26℄, in whi
h u, d and s quarks from the 
beam 
ontribute to the � produ
tion and polarizationthrough the re
ombinations s + (ud)0, u + (ds)0;1 andd + (us)0;1, where the upper indi
es 0 (1) 
orrespondto singlet (triplet) diquark 
on�gurations. The 
ontribu-tions of the latter two re
ombinations are suppressed dueto the higher mass of the diquarks 
ontaining an s quark.In the framework of impa
t-parameter-dependent gen-eralized parton distribution fun
tions, it was argued inRef. [27℄ that � hyperons produ
ed in the 
ollision ofa beam 
ontaining s quarks with a nu
leon target havea positive transverse polarization. In this work, a sim-ilar me
hanism was also used to explain another T -oddobservable, the so-
alled Sivers asymmetry in ele
tropro-du
tion of pions as observed at HERMES [28℄.As no theory is 
urrently able to explain the existingbody of � polarization data, all su
h model-dependentspe
ulations must be viewed only as exploratory 
onsid-erations. The result presented here, a �rst measurementof non-zero transverse polarization in the 
�N ! �Xrea
tions at Q2 � 0, adds an interesting new pie
e to thelong-standing mystery of hyperon polarization at highenergies.We gratefully a
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