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Transversity and A polarization in semi-inclusive DIS
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Several possible experimental channels have been proposed in the past to access the chiral-odd transversity distributidn fukoiboms

these, the measurements of target-transverse-spin asymmetries in single-hadron and hadron-pair production in Semi-Inclusive Deep Inelast
Scattering (SIDIS) gave clear evidence that transversity is measurable and sizable in the valence region. A third, independent channel i
the measurement of the polarization/ohyperons produced in SIDIS off transversely polarized nucleons, where the transverse polarization

of the struck quark might be transferred to the final-state hyperon. The COMPASS Collaboration at CERN has measured the transversity-
induced polarization oA andA hyperons produced in SIDIS off transversely polarized protons, found compatible with zero. The results are
shown here and discussed in the context of different models and approximations.
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1. Introduction tion [21, 23]. For theA(A) hyperons produced in the cur-

) _ ) ~ rent fragmentation region, the leading-order expression for

quark distribution functions; as an independent Parton Dis-

tribution Function (PDFs) of the nucleon, several decades

ago [1-4], a variety of experimental approaches have been dot®' AR X _ g 0 AR X
proposed to access it in Semi-Inclusive Deep Inelastic Scat- Pa(x) (z,2, Q2) T g T —UAM)TX pT =AML X
tering (SIDIS) off transversely polarized nucleons. do +do

Convincing evidence that transversity is accessible and Zq egh(ll(x,QQ)H{\_éA) (z,Q%)
sizable came from the measurements of Collins asymme- = [PrDnn Ay AR 2 @
tries [5-8] and of azimuthal asymmetries of hadron pairs pro- 2 eqfi(a, Q2)Dy " (2,Q%)

duced on transversely polarized protons [9-11]. #oand

d-quarks, transversity was found different from zero in the _ _ . ) o
valence region, wherkt andh¢ are almost of the same size Herex is the Bjorken variableQ* the photon virtuality and
but opposite in sign [12—16]. z the fraction of the virtual photon energy carried by tt{g\)

A third, independent experimental channel is the meahyperon in the target rest framey is the target polarization,
surement of the polarization of baryons produced in thef the target dilution factor (representing the fraction of nucle-
SIDIS process/p! — ¢B'X, where? denotes a lepton, ©ONS effectively polarized in the target) and the virtual-photon
p! a transversely polarized target proton afda baryon depolarization factoDyy = 2(1 —y)/(1 + (1 — y)?) de-
[2,17-19]. In the one-photon-exchange approximation, th@ends ory, the fraction of the initial lepton energy carried by
elementary interaction is*q' — ¢, whereq'! then frag- the virtual photon in the target rest frame. The summations in
ments into the baryo, to which it may transfer a fraction Ed: ) are meant to run over all quark and antiquark flavors.
of the initial transverse polarization. Thus, a measurement of N€ transversity distribution funct.|0|1n§(x, Q ) ag_\[?ear cou-
the polarization of the final-state bary@hallows accessing pled to the chiral-odd fragmentation functiof§ . (z, Q?)
transversity [20, 21]. Due to their self-analysing decil\)  that describe the spin transfer from the struck quark to the

hyperons are the most suited to polarimetry studies. Theih(A) hyperon. At the denominatot! and Hﬁgﬁ)(z,QQ)

polarizationPy z) can be accessed by inspecting the anguare replaced by their unpolarized counterpgftand D, ‘).
lar distribution of the protons (antiprotons) produced in their ’

weak decayA — pr— (A — prT), which can be written as: The expression in Eg2j is valid at leading twist. Higher-
order terms [24], among which is the one related to the spon-

P 1 taneous polarization [25], have not been taken into account,
1) ; oo
dcos@ as their contribution is expected to average to zero. Clearly, a

whered is the proton (antiproton) emission angle with re- meéasurement of the, 5, gives access to transversity only if
spect to the polarization axis of the fragmenting quark in theHﬁgA)(z, Q%) #0. Alternatively, P 3 can be used to shed
A(A) rest frame andv, (3 is the weak decay constant [22]. light on the size of the transverse-spin-dependent quark frag-
The polarization axis has been chosen as the diredjoof ~ mentation function using the known information on transver-

the outgoing quark, as in QED calculations fgr absorp-  sity.

dN, 5
(p) X 1 + OéA([\)PA([\) COS 9,
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2. Data selection and available statistics

The data considered for the work presented here have been
collected by COMPASS [26] in 2007 and 2010, with a 160
GeV/e muon beam from the CERN SPS and a transversely
polarized NH target with average polarizatiq®;) = 0.80

and dilution factorf) = 0.15.

In order to ensure the DIS regime, the events have been &
selected by requirin@? > 1 (GeV/c)?. The region of exclu- B
sive resonance production has been avoided by requiring the 4

2
0

counts / 32 MeV/c?

(=]
TTT T[T [T [T [ TTT[TTT[TTT[TTTTTT

invariant mass of the final state produced in tffenucleon
interaction to bé¥ > 5 GeV/c2. In addition, the constraints 108 106 11 111 1.'12 3 114 115 1le
0.003 < z < 0.700 and0.1 < y < 0.9 have been applied: M, (GeV/cd)
the upper limit inz to avoid a region of low statistics, and the !
lower and upper limits iy to guarantee a good event resolu- FIGURE 2. Invariant mass distribution ok hyperons after all se-
tion and to limit the impact of radiative effects respectively. lection steps.

The selected events have also been required to have an ) ) ) S
interaction vertex inside the fiducial target volume, thand In Fig. 2 the A invariant mass distribution is finally
A reconstruction being based on the detection of their deca§"oWn theA case being almost identical in shape. The low,
products originating from a decay vertex downstream of thd®maining background has been evaluated with the sideband
interaction vertex, not connected to the latter by any charge@'€thod, considering two equally wide intervals on the left
track. A collinearity angléey < 7 mrad between the recon- nd 0n the right of the mass peak. As a last step, the hyper-
structed hyperon line of flight and the vector linking inter- ONS have been selected withino3from the peak, where
action and decay vertex has been required. The backgroufd= 2-45 MeV/ c? is the width of the Gaussian function fitted
from photon conversion — ete~ has been suppressed by to the mass distribution (in yellow in the Figure).

setting a lower limit on the transverse momentamof each The final hyperon sample was constituted of almost
hadron f, < 23 MeV/e), calculated with respect to the line- 300 000A and 150 000A hyperons, a significant fraction
of-flight of the hadron pair in the hyperon rest frame. of which are expected to originate from the strong decay of

The particle identification has been performed using thd'€avier hyperons. Using the event generator LEPTO based
RICH (Ring Imaging CHerenkov [27]) detector, used as a®" the Lu_nd .strn.*ng model [30], tuned to reproduce the exper-
veto: assuming one of the two decay tracks as negative (pollental distributions, 37% of th& and 32% of the\ hyper-
itive) pion, the corresponding positive (negative) one ha®NS in the COMPASS kinematic regime have been estimated
been considered to be a proton (antiproton) unless identf© b& produced ina mechanism different from the direct string
fied as a positive (negative) electron, pion or Kaon. Thdragmentation [31]. Such indirect F:ontrlbutlo_n, not c0n3|_d-
Armenteros-Podolanski plot [28, 29] obtained after all theered her(_e as a source of systematic uncertainty, could dilute
aforementioned cuts is given in Fig. 1. It shows the trans{h€ polarization signal.
verse momentum of the decay particles in the hyperon rest
framep  versus the asymmetry in their longitudinal momen-3.  Polarization extraction and results
tum (pﬁr —pi)/(pﬁr +p[). This last quantity allows separat-
ing A candidates (on the left half of the plot) fromevents ~ The transversity-induce®, 5, polarization has been mea-
(on the right). sured along the spin direction of the fragmenting quark. For

each event, the initial quark spin has been assumed aligned
R with the nucleon spin and thus vertical in the laboratory
frame. After the interaction with the virtual photori, the
guark spin direction, characterized by an azimuthal angle in
the v*-nucleon systenygs, has been reflected with respect
08 to the normal to the lepton scattering plane, thus obtaining a
reference axis alongs: = 7 — ¢g.

The unique three-cells configuration of the COMPASS
04 target and the division of the data-taking into periods, each
consisting of two sub-periods in which the polarization orien-
tation in each target cell is reversed, e}llow for a minimization

e 06 s o e e o of systematic effects. The numbe’ks( ) of A(A) hyperons
(p; _pﬂ)/(l’ﬁ +p,) e_mlttlng a proton (_ant|pr0ton) ina g!vem)s_ﬂ range Wlth_ a
given target cell orientation(i = 1, 2) in a given sub-period
FIGURE 1. Armenteros-Podolanski plot. have been combined to form the double ratio,
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FIGURE 3. Spin transfeiS, x, for the current fragmentation region as a functiompf andpr . The bands show the systematic uncertain-
ties, while the error bars represent statistical uncertainties. The values emdpr are staggered for clarity.

Ni(ay(cos N 5, 5 (cos B) In Fig. 3, the results for the current fragmentation region

eaca)(cost) = Ny iy (CosON, 1, 5(cos )’ @) are presented in terms of the spin transfer

Pay  _ Lo cahiH;g”
where, as described in Refs. [32, 33], in addition to all con- Sa@a) = fPrDnN - 5 62quA(f\)’ ®)
stant factors, also flux and acceptance terms cancel out pro- a-e717
vided the flux is equalized in all three target cells and undeby definition ranging from -1 to 1. The measured values
the reasonable assum_ptiqn that the acceptance ratios for tge Saca) have been found compatible with zero within the
target cells after polarization reversal are equal to those besyperimental uncertainties in all studied kinematic regions,
fore. For small values of th&, 3 Eq. (3) reduces to: in agreement with a recent measurement of the transverse
spin transferDrr in polarized Drell-Yan [34]. The mean
value of Q? in the current fragmentation region {§?) ~
4.1 (GeVEh)2.

EA(/_\) (COS 9) ~1 + 4aA(1_\)PA(/_\) cos 0. (4)

In each kinematic bin ire, z or pr (the hyperon trans- 4. Interpretation

verse momentum with respect to the virtual photon), the data _ )
sample has been divided into eights 6 bins, from which ~ Some conclusions can be drawn from these results. Consider-

Py (s, could be obtained with a linear fit. This procedure iNg the case of\ hyperons polarization, transversity appears
has been applied to the whole accessible phase-space agfipled only to unfavoured fragmentation functions:
to several kinematic regions: current and target fragmenta- - _ _
2 A wpph drrA
tion regions, high and low, high and lowpr. In particular, Z egh{Hy.y o< 4RV HY,, + hiHY 4. (6)
the current fragmentation region has been selected by requir- g

ing z > 0.2 and Feynman variabler > 0, and the target 1,5 the compatibility with zero of the measured polariza-
fragmentation regions as its complementary to the full phaset-Ion for A hyperons is in agreement with the expectations

space. In the collinear approximation, no dependence;on ¢ ma| values for the unfavoured fragmentation functions
is expected. [35], compared to the favoured cases. In the caselfper-
The presence of possible systematic biases has been ians, retaining only the favoured combinations in both numer-
vestigated in all the aforementioned regions. Two sourcegtor and denominator in EcB)results in:
of non-negligible systematic uncertainties have been found
to be period compatibility and false polarizations. The for-
mer have been evaluated by comparing the results from the
various periods; the latter by arranging the terms in By. (
in such a way thaf, x,-related terms cancel. A scale un- By isospin symmetry,Dﬁd = Dfu and Hﬁd = H{‘u
certainty of about 7.5% contributes to the overall systematicé\s for the s-quark fragmentation functioni}ﬁs can be as-
due to the uncertainty on the weak decay constaahd on  sumed proportional tanu with a proportionality constant
the dilution and polarization factorg and Pr. In general, r [36,37]. In Ref. [38] it is found thal /r = 0.44. With
Osyst < 0.85 Ostat: these simplifications, EqZ) turns into:

ARy HY, + h{H  + hiH,

@)

A
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AhY + h{] HY, + hiHY,
[Afi+ fi+rf] DR,

Sp = [ (8)

L . : &S
The following interpretation is based on three different sce- =
narios. When needed, the CTEQ5D PDFs [39] have been 0.2

used forf{, while the values oh% and h¢ have been ob-
tained from the fit presented in Ref. [12].

0.8 v xh(x),r=2
= m xh)(x),r=3
Z o6 !

@ A xh;(x),r=4

0.4+ xh) (x)

0

-0.2
4.1. Transversity non-vanishing only for valence quarks 04~
in the nucleon 0.6
ool L ool L L
If transversity is assumed non-vanishing only for valence 10°2 107!
quarks,h§ can be safely neglected and the expression for the X

spin transfer to the further simplifies to:
[4hY + {1 HY,

[4ff + f+rfR1DL

Thus, the measurement 8f as a function ofc can be used

to extract the ratidR of the z-integrated fragmentation func-
tions H{, andD{ ,:

_ At (@) + (@) +rfi ()
4hi (z) + hi(z)

the mean value of whicHR) = —0.27£0.56, shows a weak
dependence on

Sy = 9)

R(z)

SA (1’), (10)

4.2. A polarization carried by the s quark only

If instead the polarization is entirely carried by theuark,
as in the SU(3) non-relativistic quark modé]{fu can be ne-
glected, yielding:

hi H, N rhs
[+ ST fE] 3D A S
whereH?*, has been substituted wih{ ,: a reasonable ap-

proximation forz > 0.2 [40]. The s-quark transversity:$
can thus be extracted: in Fig. 4 the quantify; (x) is given

Sy = (11)

0.8 ®  xh) (x), quark-diquark model
) xh'y(x)
E g6
< L
= 0.4 l

1072 107!
X
FIGURE 4. Extracted values ofchi(z) for the three options
r = 2,3,4. Thewu quark transversity curve from Ref. [12] is given
for comparison. Only statistical uncertainties are shown and the
values are staggered for clarity.

FIGURE 5. Extracted values ofchi(z) according to a quark-
diquark model [40, 41]. Thes quark transversity curve from
Ref. [12] is given for comparison. Only statistical uncertainties
are shown.

for various choices of and compared to the fitted value and
accuracy of the:h¥(x) distribution [12]. Again, only a weak
dependence onis observed. The data slightly favour a neg-
ative sign ofh(z), but they are not precise enough to accu-
rately determiné$(x).

4.3. Polarized A production described by a quark-
diquark fragmentation model

In the context of the quark-diquark model [40, 41], the frag-
mentation of a valence quark into a final-state hadron is ac-
companied by the emission of a diquafk which can be

in a scalar §) or vector {) spin configuration. The proba-
bilities associated to these two configurations, for either un-
polarized and polarized quarks, are calculated in the model
and enter the definition of the quark fragmentation function,
which are modelled by introducing the flavour structure ra-
tios F/*)(z) and the spin-structure ratiod’?(z). The
transversity-induced polarization can thus be written as:

(ht+30) (WL BT B hi )

(3 ) (F&74303) +i

Sp=

)

(12)
where ther andz dependences have been omitted for clarity.
Information onh$ can be obtained by integrating EQ.2§
over z in eachx bin. The values of:h$(x), as predicted by
the quark-diquark model and based on the measured polariza-
tion, are shown in Fig. 5. The dependence of the final results
on the mass of the diquark (containing or not trgark) has
been found negligible. Once again, the data suggest a nega-
tive sign ofh$(x), but statistical uncertainties are even larger
in this case.
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5. Summary and perspectives functions. If instead a non-relativistic SU(3) quark model or

a quark-diquark model is considered, some information can

The transversity-inducedl andA polarization has been mea- pe derived on the transversity distribution for thejuark.
sured at COMPASS along the spin axis of the struck quarkin poth cases, there is a slight indication for a negative
the results are compatible with zero in all the considered kinequark transversity,;. The results expected from the upcom-
matic regions. The statistical uncertainty affecting the result%g COMPASS run in 2022, when SIDIS data will be col-
is large; nevertheless, some information could be deducegected with a transversely polarized deuteron target, will be

for valence quarks, the data have been used to investigate thensyersity.
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