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Abstract

A new method is suggested for the extraction of u-quark and d-quark transversity distri-
butions, using single spin asymmetry (SSA) data in semi-inclusive deep inelastic scatter-
ing (SIDIS) processes, where they couple to the Collins or the di-hadron fragmentation
functions. We discuss a recent suggestion to extract the transversity distribution using
the concept of difference asymmetries and their ratios, which avoids the requirement
of Collins function. We suggest new measurements, involving ratios of polarized cross-
sections, that would directly probe the ratio h‘liv/ hlllv. We also show some numerical
estimates.
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1 Introduction and formalism

In order to understand the quark structure of a polarized nucleon, the transversity distribu-
tion function, h;(x) or Arq(x), contains fundamental and necessary information. h;(x), at
the moment the least known, together with the unpolarized distribution functions g(x) or
f1(x) and the helicity distribution functions Aq(x), would provide a full description of the
polarized nucleon in the collinear (k; integrated) configuration. So far, we don’t have much
information on h;(x) and the main reason is that due to its chiral-odd nature, it decouples
and can not occur alone in DIS processes. The only way it can be accessed, in DIS processes, is
by coupling this distribution with another chiral-odd function. Single spin asymmetry (SSA)
in a SIDIS process, convolute h;(x) with, another chiral-odd function, called Collins fragmen-
tation function [1]. In Refs. [2-5], h{(x) and h‘li (x) have been extracted for the first time,
using this process. Similar results were obtained by coupling the transversity distribution with
a di-hadron fragmentation function [6-8].

We consider the SIDIS production of hadron h, [ +P" — I’ + h +X. We take virtual photon
and proton center of mass frame, where y* and proton are colliding along the z-axis with their
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respective momenta q and P. The leptonic plane coincides with xz plane. The initial quark
momentum inside the parent target proton is k = xP+k | , where k | is their intrinsic transverse
momentum. The final hadron h is produced from the fragmentation of the scattered quark.
Its momentum Py, is given as P, = zk’ + p |, where p, is the transverse momentum of the
final observed hadron with respect to the direction of fragmenting quark (with momentum
k’). Following Refs. [9,10], in the case of a transversely polarized target colliding with an
unpolarized lepton beam, the cross-section for the process is given as

dgP~thX 202 (1+(1—y)
== {—yFUU+... (1)

dxpdQ2dz, d2Prdpg Q4 2

+ [(A=y)sin(ey+ ds) Fp 0+ ]},

where we have considered only terms which are relevant to the Collins asymmetry. The SIDIS
variables xg, y, 2z, and Q have their usual meaning. ¢; and ¢g are the azimuthal angles,
with respect to the leptonic plane, of the observed hadron and the spin polarization vector
respectively. In Eq. (1), Fyy and Fy;p are the structure functions where the subscript UU refers
to the unpolarized case and UT refers to an unpolarized beam with a transversely polarized
target nucleon.

The contribution to the single spin asymmetry, as defined in Eq. (2) of Ref. [11], from the
Collins effect can be given as

sin(¢p+¢g) sin(¢p+¢s)
Sin(¢h+¢s) _ 2(1 _-y)FUT " s J— FUT ! ’
Ayp = =Dyn——F——

= 2)
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where Dyy = 2(1—y)/[1+ (1 —y)?] is the quark depolarisation factor. Following Ref. [10],
these structure functions can be expressed in terms of Gaussian parameterization for the TMDs
in which Fyy; o< fo/,(x) ® Dy q(2) and FZSJHle”%) o< h‘i(x) ® ANDh/qT(z), where f,/, and Dy 4
represent collinear PDFs and FFs respectively, while AN D, /(%) is the z-dependent part of the
Collins fragmentation functions and h? (x) is the transversity distribution.

2 A suggested measurement using difference asymmetries

The authors of Ref. [12] have suggested a method, using the concept of difference asymmetry,
Ap, for charged hadrons, to probe the transversity distributions. Following Ref. [12], the
polarized SIDIS cross-section given in Eq. (1), can be written as

af =o§,t+sin(¢h+¢5)DNN Ua+... 3)
where the subscript t indicates the type of target (p for proton, n for neutron and d for
deuteron) and the superscript + or — refers to observed 7t and n~. The expressions of o
and o are obtained as

az a2 .
00 = oz [1+(1=2)]Fuy oc=gzl1+0 — y P Eontes), @

A measure of the Collins asymmetry is taken as the ratio [12]
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which differs by 1/Dyy factor, from the asymmetry, Asli]rlT(¢h+¢5), measured in the experiments.

The difference asymmetries for the charged hadron (pions) production is defined as [12]

+ - + -
_Oc: 9 Oo,¢ 4 Oo,¢ _
Ape = —3 +o- =7 +o- Ct + + oo AC,t’ (6)
TotT %0t G070 Oo,t T 00,

where the 2nd equality can be used to extract Ap’s from the available data on the Collins
symmetry and the unpolarized cross sections.

In Ref. [12], it is suggested to measure a ratio of difference asymmetries, which cancels out
the dependence on the Collins function and remains with a ratio of transversity distributions
along with PDFs and FFs;

Apg (AFE+ AT+ fE+ FI) (D1 fay + D1 gis) +2(F + ) Dy | B +h

RD,d/p EA =3 u i d d s 5 u, d, - (N
D,p S(fl +f1 +f1 +f1 )(Dl,fav+D1,dis)+4(f1 +f1)D1,s 4h1 _h1

Assuming that one knows the unpolarized PDFs and FFs, Eq. (7) allows to direct access the ratio
of valence u and d transversity distributions. But, in this approach, the difference asymmetries
are small quantities with large relative errors that could cause a huge uncertainty in their ratios,
as shown also in Ref. [12] and [13].

3 A new measurement and numerical estimates

The new measurement [11] is motivated by the possibility to measure the sin(¢; + ¢¢) mod-
ulation of the SIDIS cross section (1), which relates to o, Eq.(3), for different targets and
observing both positively and negatively charged final pions. We can built a ratio of difference
of polarized cross sections as

d
h 4
— 1
O'Z d O-C d h;lv + h;-iv 1 + hlllv

R =—7 — =3 = (8)
Cdlp = o+ 5= Bt _ s B
Cp TCp 4h)" —hy 4—

1

which has a simple partonic interpretation in terms of transversity distributions only. A similar
expression can be obtained for the neutron target as well. Not only the Collins function but the
PDFs and FFs also cancel out in ratio. Moreover, R¢ 4, is not the ratio of two small quantities,
unlike in the difference asymmetry approach. Hence, the ratio R¢ 4/, can have much smaller
uncertainties.

For the numerical estimates, we use the parameterization and the best-fit parameters, for
the transversity distributions and the Collins fragmentation functions, from Ref. [4]. MSTW2008
PDFs [14] are used and the unpolarised pion FFs are taken from Ref. [ 15]; we refer to Ref. [16]
for the helicity distributions. For a description of the plots see the captions and Ref. [11].

4 Conclusion

We see from the plots in Fig. 1, that the difference asymmetries Ap’s, estimated from the
existing knowledge of the Collins functions, the transversity distributions and the unpolarized
PDFs and FFs are very small. Moreover, these estimates from SIDIS data have large errors and
their ratio, although avoiding the knowledge of the Collins function, is bound to have huge
uncertainties [12,13].
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Figure 1: [11] We plot the difference asymmetries (a) Ap 4 (deutron target) and
(b) App (proton target) vs. x at Q? = 2.41 GeV2. We integrate the variables z and
Py over the ranges 0.1 <z <1 and 0 < P; <5 GeV.
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Figure 2: [11] We plot the numerator (a) and denominator (b) of Reca/p Vs. x at
Q? = 2.41. We integrate the z variable over the range 0.1 < z < 1.

Our suggested asymmetries R¢ 4/, and R¢ ,/, are ratios of much larger quantities, which
can be obtained from the sin(¢;, + ¢5) modulation of transversely polarized SIDIS cross sec-
tions. It might be a challenging measurement, but its TMD interpretation is much simpler,
(Eq. 8), and it directly probes the ratio hf” / hbllv. Such a simplicity of R¢ 4/, should encourage
its measurement, which could be done at COMPASS and JLab 12 experiments or at the future

EIC facility.
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