PHYSICAL REVIEW D, VOLUME 64, 112005

Measurement of longitudinal spin transfer to A hyperons in deep-inelastic lepton scattering
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Spin transfer in deep-inelastit electroproduction has been studied with the HERMES detector using the
27.6 GeV polarized positron beam in the DESY HERA storage ring. For an average fractional energy transfer
(z)=0.45, the longitudinal spin transfer from the virtual photon to sAhbas been extracted. The spin transfer
along theA momentum direction is found to be 04D.17(stat}* 0.03(syst); similar values are found for
other possible choices for the longitudinal spin direction ofAh& his result is the most precise value obtained
to date from deep-inelastic scattering with charged lepton beams, and is sensitive to polarized up quark
fragmentation to hyperon states. The experimental result is found to be in general agreement with various
models of theA spin content, and is consistent with the assumption of helicity conservation in the fragmen-
tation process.
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Spin-dependent deep-inelastic scattering of charged lep- Longitudinal spin transfer ith production has previously
tons has provided precise information on the spin structure dfeen studied at thE® pole at CERNe" e~ collider LEP. In
the nucleon. Several inclusive experiments on polarized prothe standard model, strange quaftks quarks of charge -1/3
ton and neutron targefd—6] have confirmed the European in general produced viaz® decays have an average polar-
Muon Collaboration(EMC) result[7], from which it was  jzation of -0.91. Both the ALEPHI12] and OPAL Collabo-
inferred that the quark spins account for only a small fractioryations[13] have reported a measurement of thepolariza-
of the nucleon spin. Additional information has been ob-tijon of about— 0.3 for z>0.3. (Here,z is the fraction of the
tained from semi-inclusive polarized deep-inelastic scatteravailable energy carried by th&.) The interpretation of
ing experiments, where the correlation between the flavor ofhese data is not unique. In R¢14], for example, the LEP
the struck quark and the type of hadron observed in the finajata have been confronted with three different scenarios, all
state allows the separation of the spin contributions of theyf which describe the results reasonably well: the naive QPM
various quark flavors and of valence and sea quBk8].  of the A spin structure, where only the strange quark carries
Those measurements indicate that the net contribution of thg)"] and contributes to po|arize‘d production(subsequent]y
up and down sea quarks to the nucleon spin is small. Howreferred to as scenarig,the SU3) flavor-symmetric model,
ever, considerable uncertainties remain in the contributiong, which up and down quarks also contribute with a negative
of strange quarks and gluons. sign (scenario 2, and a rather extreme hypothesis, in which
It has been proposed that one could obtain additional |na|| three ||ght quark ﬂavors Contribute equa”y to mepo_
formation on the polarized quark distributions in the baryonsarization(scenario 3 An alternative approach may be found
of the spin 1/2 octet through the production/otyperons in iy the work of[15,16 where calculations of the parton dis-
polarized deep-inelastic lepton scatterifid,11. By mea-  tripution functions in the\ have been performed in various
suring the polarization of the\'s that are likely to have models. Predictions are then made for thespin transfer.
originated from the struck quartso-called “current frag-  These predictions display a markediependence which is
mentation”, the longitudinal spin transféd,' , can be de- directly related to the behavior of the parton distribution
termined. This quantity is defined as the fraction of the vir-functions in theA at largex. In Ref.[16], the LEP data are
tual photon polarization transferred to tide In the naive found to agree well with the prediction, but only if &)
quark parton modelQPM) the spin of theA is entirely due  symmetry breaking effects are taken into account. A third
to the strange quark, and the up and down quark polarizeapproach is presented in the LEP publicatiphg,13. Fol-
tions are zero. On the other hand, assuming3Ulavor  lowing the prescription of17], the contribution of heavier
symmetry, the up, down and strange quark distributi@msl  hyperon decays to th& spin transfer was carefully consid-
fragmentation functionsfor the A can be related to those in ered. When &\ is produced from the decay of another hy-
the proton. If existing data on hyperon decays and polarizegeron(such as the&.*), its polarization will reflect that of its
structure functions of the nucleon are interpreted in theparent; the resulting spin transfer from the initial “struck”
framework of SW3) symmetry, the first moments of the po- quark to theA through this channel will thus be related to
larized up and down quark distributions in the can be the spin structure of th&* rather than the\. In the LEP
estimated to be about -0.2 ead0]. If one assumes in ad- analyses, the fractions of baryons arising from various
dition that quark helicity is conserved in the fragmentationdecay channels were estimated using Monte Carlo simula-
process, one obtains this same negative value for the exions in the Lund fragmentation model, and then combined
pected spin transfer from a struck up or down quark tothe with the naive QPM values for the quark polarization in the
A measurement of the spin transfer thus has the potential tearious hyperons. The resulting prediction was found to
provide information on the spin structure of thehyperon.  agree well with the data, with up to 50% of the spin transfer
arising from heavier hyperon decays. The influence of the
heavier hyperons complicates any simple interpretation of
*Deceased. the spin transfer in terms of th& spin structure alone; in-

112005-2



MEASUREMENT OF LONGITUDINAL SPIN TRANSFER TO ... PHYSICAL REVIEW B4 112005

stead, the data must be viewed in the context of models

Z 29 (x,Q3)G(2,Q?)

describing the spin structure of the several hyperons in- B[

volved. In particular, thez dependence of the spin transfer D) = A = . (3
needs to be considered, since the influence of heavy hyperon L PgD(y) S e2gM(x,Q2)D2,(2,Q2)
decays will diminish ag—1. e St LS

In the e"e™ experiments at LEP, all three light quark
flavors contributed significantly to the production Afhy-  where the subscripisandL’ denote the fact that the spin is
perons, with the strange quark playing the dominant role. Bytransferred from a polarized photon to a polarizednd that
contrast,A production in deep-inelastic lepton scattering isthe two longitudinal spin quantization axes may be different.
dominated by scattering on up quarks. Hence such experBue to the charge factor for the up quark, the spin transfer in
ments provide a means to distinguish between the varioud electroproduction is dominated by the spin transfer from
models of theA spin structure, and to investigate further the the up quark to the\. Moreover, due to isospin symmetry
degree of helicity conservation in the fragmentation processhe spin transfer coefficients from the up and down quarks to

The polarization ofA hyperons can be measured via thethe A are expected to be equal. Thus E8).can be approxi-
weak decay channél — p#—, through the angular correla- mated by
tion of the final state

v Glu(zQ?)
dn " DL(zQY)

d—d’oc1+aﬁA-|6. (1)

4

ConsequentlyA electroproduction in the current fragmenta-
tion region is most sensitive to the ratiG],/Dy,
~G}4/Dy. Since theQ? range of the measurement re-
ported here is small, it is assumed tﬁl‘:ﬁl, depends only on
the energy fractiorz. If the fragmentation process does in-
deed possess some degree of helicity conservation between
the struck quark and the final state hypefas supported by
the non-zeroA polarization observed at LEPthe ratio
G1,/D1, should be related to the polarizatiaru®/u® of
the up quark in the\. If a significant fraction of the\'’s are
produced from the decays of heavier hyperons, then the the
.+ (@ ratioG},/D?, will be related instead to a linear combination
> efzq?'(x,Qz)fo(z,Qz) of the u quark polarizations in the various hyperons in-
f volved.

The measurement was carried out by the HERMES ex-
where Py is the polarization of the charged lepton beam,periment at DESY using the 27.6 GeV polarized positron
—Q? is the squared four-momentum transfer of the virtualpeam of the HERA storage ring. At HERA, the positrons
photon with energy, andx=Q?2M v is the Bjtrken scal- become transversely polarized by the emission of synchro-
ing variable (with M denoting the proton massThe frac-  tron radiation[19]. Longitudinal polarization of the positron
tional energy transferred to the nucleoryis v/E (whereE ~ beam at the interaction point is achieved with spin rotators
is the lepton beam energy=E , /v is the energy fraction of [20] situated upstream and downstream of the
the A, andD(y)~y(2—y)/[1+(1—Yy)?] is the virtual pho- HERMES experiment. Equilibrium polarization values in the
ton depolarization factor. Finallxq}\'(x,Qz) is the quark dis- range of 0.40 to 0.65 gre_rea_ched wlth a rise time of about_ 20
tribution for flavorf in the nucleonD/ff(z,Qz) is the spin- min. The beam polan;aﬂon IS contmuously_measured using
independent fragmentation function far production from Comptor_1 packscatterlng of qrcularly polarlzgd Iager I|gh;[).
quark flavorf, fo(z,Qz) is the corresponding longitudinal The statistical accuracy of this measurement is typically 1%

spin-transfer fragmentation function, ang is the quark in 60 s; its systematic uncertainty is 3.4%, dominated by the
P 9 ' q normalization uncertainty determined from the rise-time cali-

charge in units of the elementary chargeThe symbolq  pration[21,27]. The beam helicity was reversed between the
repesents the unit vector along the virtual photon directionyyo years of data aquisition. The data for this analysis are
The A polarization may in general be directed along someombined from two three-week running periods, one in each
other axisL’, such as the\ momentum[18] or the lepton of 1996 and 1997, which were dedicated to measurements
beam momentuni11]. However, asA production at the ki- with unpolarized targets of hydrogen, deuteriufije and
nematics of the HERMES experiment may be treated as anitrogen with a typical target density of around
essentially collinear process, the effects of such complexitieg x 10*> nucleons/cri
should be small. A detailed description of the HERMES spectrometer is
Following Ref.[11] the component of the longitudinal provided in Ref.[23]. The trajectories of the particles are
spin transfer to the\ along a longitudinal spin quantization determined in the region in front of the spectrometer magnet
axisL' is defined as by a set of two drift chambers, and the momenta are deter-

Here a=0.642+0.013 is the asymmetry parameter of the
parity-violating weak decaﬁA is the polarization of the\,

andp is the unit vector along the proton momentum in the
rest frame of theA. For a longitudinally polarized lepton
beam and an unpolarized target, thepolarization is given

in the quark parton model bjy11,1§

Z 29 (x,Q3)G(2,Q?)

P,=0qPgD(y)
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mined by matching these to tracks in two sets of drift cham- & [
bers in the back region behind the magnet. In addition there 5 700 " (a)
are three proportional chambers inside the magnet to track 5 600 F
low momentum particles that do not reach the rear section of i
the spectrometer. Particle identification is accomplished us- 500 [
ing a lead glass calorimeter, a scintillator hodoscope pre- 5
ceded by two radiation lengths of lead, a transition radiation 400
detector, and a £1,/N, (30:70 gas threshold €enkov :
counter. Combining the responses of these detectors in a 300 |
likelihood method leads to an average positron identification 200 .
efficiency of 99%, with a hadron contamination of less than L
1%. In addition, the €renkov counter is used to distinguish 100 3
Ei?’ogs Gf(r:/m heavier hadrons for momenta between 4.5 and |f§§§§§§§§§§‘§ :§:§:§ ! .
) i o LS T
Semi-inclusive A events were selected by requiring at 108 11 L2 L4 L6 118 1.2
least three reconstructed tracks: a positron track in coinci- Invariant mass (GeV/cZ)
dence with two hadron candidate tracks of opposite charge.
Both the track of the scattered positron and that of the posi- » 350 F
tive hadron candidate are always reconstructed using all drift = :# (b)
chambers and all particle identification detectors. The nega- (4 300 [
tive hadron candidate is allowed to have only partial track = f
information. These partial tracks are reconstructed by the 250 [ +
drift chambers in the front region and by the wire chambers :
located in the magnet region. In this way it is possible to get 200 [ +
momentum and charge information from these tracks, though ; %
no information from the particle identification and drift 150 | i
chambers in the back portion of the spectrometer exists. As i —4
almost all negative particles are pions, particle identification 100 | ﬂ
is not essential for these tracks. In this analysis, the track i +:¢:—+—:$:
resolution at HERMES is dominated by the resolution of the 50 | —
drift chambers in front of the magnet. Thus the resolution of r
the partial tracks does not differ significantly from that of the 0 L ' L . ‘ ' .
full tracks. An invariant mass is reconstructed assuming that 107505025 0 025 05 075
the positive hadron is a proton and the negative hadron is a cos(@)pL,)

pion. If more than one positive or negative hadron exists in
one event, all possible pairings of positive and negative had- F|G. 1. (a) Invariant mass spectrum from the reconstruction of
rons are used. candidateA events. The filled and hatched areas, respectively, in-
Several requirements were imposed to ensure that théicate the signal and background regions used in the analiis.
events are in the deep-inelastic scattering region and to respectrum of co®, . for the two beam helicitiegcircles and
duce the background in the semi-inclusive sample: Q? squares The asymmetric appearance of these spectra is almost en-
>1 Ge\?, W>2 GeV, andy<0.85, the latter to avoid a tirely due to the acceptance of the HERMES spectrometer for re-
region where radiative corrections might be significant. HereconstructingA decays.
W is defined as the invariant mass of the photon-nucleon
system. The calorimeter energy deposited by the scatterddrge pion contribution to the positive hadron sample, the
positron was required to be greater than 4 GeV, well abov@ositive hadron was required to have neré€nkov signal.
the trigger threshold of 3.5 GeV. To ensure that the evenFinally, to ensure that th& hyperons are primarily from the
occurred in the target gas, the longitudinal vertex position oturrent fragmentation region, a positive value ®f
the positron track was constrained to be within the total~=2p, /W was required. Her@,_ is the momentum compo-
length of the target cell £20 cm from the center of the nent of theA that is longitudinal with respect to the virtual
targe). The positron interaction vertex and thedecay ver-  photon in the photon-nucleon center-of-mass frame. After all
tex were required to be separated by more than 10 cm tthese criteria have been implemented, a cldasignal is
eliminate background hadrons originating from the primaryobserved in the invariant mass distributimee Fig. 8)]. A
vertex. Additionally, the distance of closest approach beevents have been selected by a cut on the invariant mass
tween the two hadron tracks was required to be less than 1distribution: 1.109 Ge¥-M,,<1.123 GeV, resulting in a
cm. The collinearity, defined as the cosine of the angle betotal number of 223X events(after background subtrac-
tween theA momentum(computed from the proton and pion tion).
momenta and theA direction of motion(computed from the As the HERMES spectrometer is a forward detector, its
vector displacement between the positron vertex andAthe acceptance for the reconstruction &f hyperons is limited
decay vertex was required to be above 0.998. To reduce theand strongly depends on c®s, [see Fig. )]. Here®
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is the angle between the proton momentum andAhspin transfeerL, due to background events in the selected in-
quantization axis in the rest frame of the. To minimize  yariant mass region has been determined from the events
acceptance effects, the spin transfer to sheas been deter- apove and below tha invariant mass regiofindicated by
mined by combining the two data sets measured with 0ppOe hatched areas in Fig(al]. It was found to be consistent

site beam helicities in such a way that the Iuminosity- it zero and has been taken into account as a dilution. At an
we|ghtegl average_beam polarization for the selected da eragez value of 0.45 the spin transfer to tieis found to
sample is zero. Using this data sample and assuming that the

A .
spectrometer acceptance did not change between the IV\P@DLL':O-MJ—T 0-17(5t§t)t'0-03(5.y8), using the momen-
beam helicity states, the spin transfer to thés determined tUm as the spin quantization axis. If instead the virtual
from the forward-backward asymmetry in the angular distri-Photon(positron beammomentum is chosen as quantization
butions inA electroproductiori24,25: axis, the result changes to 0.03(0.09) with the same uncer-

tainties. Equation$2) and (3) are based on the assumption

i that theA hyperons originate from the current fragmentation
;1 Pg,icosO region. Contributions from the target fragmentation region
(5) are suppressed by the requiremept>0 and have been es-

2 D(y-)cosz@i timated by a Monte Carlo simulation to be_ smaller than 1%.
= ' pL’ The data cover a range of 0.2.z<0.7, with x values of
0.02<x< 0.4, and withQ? varying between 1 and 10 G&V

The indicated sums are over the events, andP3) is the  The average values of these kinematic variables (aje
luminosity-weighted average of the square of the beam po=0.45, (x)=0.08, and(Q?=2.5 Ge\%. The systematic
larization. The extracted quantiy, . represents the com- uncertainty of the measurement is dominated by the uncer-
ponent of the spin transfer coefficient along a chosen quariainties in detector efficiency differences between the two
tization axisL’, which has been taken to be parallel to thedata sets. Possible efficiency differences due to the different
direction of motion of theA baryon. As mentioned earlier, kinematic distributions of thé\ decay products and of two
the two similar directions that have also been considered ifieconstructed hadrons in any event have been explored and
this analysis may be considered equivalent hypotheses fdeund to be negligible. Finally, possible false asymmetries
the true direction of the\ polarization, given the collinear induced by changes in the detector performance between the
nature of the process at the kinematics of this experiment. |0 years were investigated using both Monte Carlo simula-
addition, the derivation of Eq(5) requires that there is no tions and samples of hadron pairs outside Ahenass peak.
correlation among the kinematic variables, i.e., betwgen No significant asymmetries were found by these studies.

Na

1
D) ,=
LL’
a(Pg)

N

and co®,, .. This has been verified for this data set. The three models of Ref14] for the A spin structure
Equation(5) provides a simple method to extraoy | -, (mentioned earlier in comparison to the LEP ddtave been

without any influence from the spectrometer acceptanceysed to predict the dependence of the spin transfer An

from a cross section of the form electroproduction. In contrast to the LEP data, the deep-

inelastic scatteringDIS) measurements are dominated by
p scattering from up quarks and can thus impose different con-
G 1+ aPsD(y)Dyi cosOp, . (6)  straints on the varioud spin structure scenarios. Figure 2
shows a comparison of the present measurement with these
However, this form of the cross section presupposes that theredictions. Following Ref[14] the data are not given at
selected spin quantization axis is indeed the direction of =E, /v butatz’'=E, /[Ey(1—X)], a variable that accounts
the A polarization. In general, other components of the po-for the small contamination by target fragmentation. Hege
larization may exist. In this case, the extracted result foand Ey are the energies of th& and nucleon, respectively,
D, may be contaminated by interference of certain addiin the photon-nucleon center of mass system. Also shown in
tional terms in the cross section with higher-order terms irthe figure is a measurement at a simitavalue from the
the HERMES angular acceptan®e the Appendix How-  E665 Collaboratiori26], using DIS with a polarized muon
ever, Monte Carlo studies reveal that even if these othebeam. The E665 measurement is also similar in its average
components of the polarization were of the same magnitud®? value (Q?)=1.3 Ge\?) but is at much lowex ((x)
asD, ./, they would contribute to the result presented here=0.005) than the measurement presented here=(0.08).
at a level of less than 10% of the extracted value. Further, a recent measurementip charged current interac-
After applying all the requirements described above, thdions [27] has shown a\ polarization close to zero in the
longitudinal spin transfer to thd was extracted using Eg. current fragmentation region, in agreement with our finding
(5). As no nuclear effects were observed within the limitedfor the A spin transfer. This measurement is also dominated
statistics of this measurement, the data collected on the varby A production from polarized up quarks.
ous targets {H, ?H, °He, and'*N) have been added. To  Figure 2 indicates that the HERMES measurement ap-
minimize possible acceptance-induced false asymmetriepears to favor the naive QPM of the spin structuresce-
the data have been corrected for the difference in trackingario 1. However, as discussed earlier, a significant compli-
efficiencies between the two years by normalizing the numeation arises from the fact that hyperons may originate
ber of A events to the number of all events where two hadfrom decays of heavier hyperons. A Monte Carlo estimate
rons and a scattered positron were reconstructed. The spgihows that only 40-50 % of th&’s are produced directly;
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5 1 is in general agreement with calculations based on a variety
“ [ — Scenario 1 - of models of theA spin structure, along with the hypothesis
g L Scenano? o of significant helicity conservation in the fragmentation pro-
= e cess(as suggested by earlier data from DEPorthcoming
£ o toes - data from HERMES will improve the precision of the mea-
05T .‘,.w-*'”’ surement, and help both to explore thespin structure and
M,-’”’ to further test the degree of helicity conservation in the final
- state.
or |
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30-40 % originate fromX*(1385) decay, and about 20%
are decay products of tHe®. The up quarks in th&* are
expected to carry a significant positive polarization. Polar- APPENDIX
ized up quarks from the target will thus tend to fragment into )
S* hyperons with a positive spin transfer coefficient, which As described above, the procedure used to extract the lon-
is then passed on to th& polarization through the decay. 9itudinal spin transfer coefficiei2, , [Eq. (5)] is based on
The 30 is of lesser influence, making a smaller contributionthe assumption that the selected spin quantization lais
of Opposite Sign to the}x po'arization_ The net Contribution indeed the direction of thA polariz_ation. HOWeVer, if other
of 3 decays to theA sample will thus shift the negative COmponents of the pqlanzatpn exist, the extracted rgsult fgr
prediction of the S(B) symmetric mode(scenario 2 along Dii may be contaminated via interference of certain addi-
with that of the naive QPMscenario 1, toward positive tional terms in the cross section with higher-order terms in
values. This effect is also observed at the kinematics of théhe HERMES angular acceptance.
E665 experiment, as can be seen in RR28]. Let us introduce 3 perpendicular axes in thecenter of

As pointed out in Ref[14], strong contributions from the mass frame, defined by two chosen unit vectbrand T:
decays of heavier hyperons provide one possible cause f@ =3, e,=J3xT/|3xT|, e;=e,xe,. Further, let the sym-
the positive spin transfer values of scenario 3. Also, larggyo| D ; refer to the probability for spin transfer from a lon-
positive values for the spin transfer at higlare expected in  gjtudinally polarized virtual photon to & baryon with po-
models where the polarization of each quark flavor is exarization along the axis; the symbolDy,; denotes the
pected to be large in the limkt— 1 [29,16]: via the Gribov-  propability for A polarization along the axisgiven an un-
L|pai0v reciprocity relat|0|i3q], the large quark polarization polarized beam. We take the vectbto represent our direc-
Zté(g“ngr?g:Sﬁscgr:ﬁg%e Stp'(;‘ ttr_ansfeLza; 1,[\'NThe tphr esent tion of interest for longitudinal spin transfer to the namely

yet distinguish bEween these Vally,, yirection of the virtual photon. The quantiy ; is thus

ous models. Additional data will significantly improve the . . LA ) .
precision, and should allow access to higher values of identical to the quantitp,, , defined previouslyEg. (3)].

where contributions from heavier hyperons are reduced an@ihe vectorT may be either of the other two vectors avail-
where the various models predict markedly different resultsable: the electron beam direction or the momentum of the
In conclusion, HERMES has measured the longitudinafinal stateA . The second axis, thus represents the direction

spin transfer from the virtual photon to the hyperon in  normal to the production plane. The number of interfering
deep-inelastic electroproduction, finding the vallg . terms is greatly restricted by applying parity and rotational
=0.11+0.17(stat)- 0.03(syst) at an average fractional en-invariance to a general angular decomposition of the cross
ergy transfer ofz)=0.45. This result is complementary to section, and by the fact that the HERMES spectrometer is
measurements from* e~ annihilation, as it is uniquely sen- symmetric in the vertical coordinate. Finally one is left with
sitive to the fragmentation of polarizegb quarks. The result only two terms:
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aD 5,080, Pgsin(nd)] (A1)
and

aPgD(y)D,3c0805[1+C,,cognd)]. (A2)

In obtaining these expressions, it is important to note that th%
axis éz, which represents the direction normal to the reactio

plane, transforms as a pseudo-vector, whileand ég trans-

form as vectors. The first contributidieq. (Al)] depends

entirely on a non-zerdg sin(n®) azimuthal moment iM\
production, whereb denotes the angle between theand
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the electron scattering plane, around ﬁweector. Such mo-
ments have been measured to be small in pion production. In
addition, they are coupled here with a transvekspolariza-

tion and can only appear in the cross section at higher twist
(i.e., they are suppressed at orghgi/Q). The second term
Eq. (A2)] corresponds to the other component /ofspin
ransfer in the production plane, and could contribute if the
'thoosen spin quantization axis differs dramatically from the
true A polarization direction. Monte Carlo studies reveal that
even if either of the coefficient®, or D 3 were of the
same magnitude aB, they would contribute to the ex-
tracted component at a level of less than 10% of its value.
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