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Transversity distribution function

Transversity distribution function
» Fundamental distribution to encode the nucleon structure

» Chiral-odd

» Hard to access compared to helicity and unpolarized distribution function

How to access transversity

» (TMD) factorization frame in SIDIS ——Collins function
J. C. Collins, NPB 396, 161 (1993)

» Collinear factorization in SIDIS——twist-3 fragmentation function
X.Wang, Z. Lu PRD 93, 074009 (2016)

» Collinear factorization in SIDIS——dihadron fragmentation function
A. Bacchetta et al., PRL107, 012001(2011)

» Drell-Yan process——the antiquark transversity
V. Barone et al., Phys.Rept. 359 (2002) 1-168



Why twist-3 fragmentation?

® b £ Z

» An alternative approach to access transversity in SIDIS——the twist-3 chiral-

odd fragmentation function ~ () serves as a “spin analyzer”

» The advantage of this approach is that the transverse momentum of the final
state hadron is not necessarily to be measured.

» The final-state hadron Lambda makes the flavor dependence fragmentation

funtion as well as the sea quark contribution to transversity possible.

Xiaoyu Wang and Zhun Lu, PRD 93.074009(2016)
Y. Yang, X. Wang and Z. Lu, Phys. Rev. D 103, 114011 (2021)



What have we done?
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sin  asymmetry

» twist-3 T-odd quark-gluon-quark fragmentation function of A

» Include the leading-order evolution effects for the fragmentation
functions and the distribution functions

» estimate the SSA in SIDIS process at the kinematics of EIC, EicC and
COMPASS.



Reference frame and invariants
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» SIDIS with unpolarized electron beam and transversely polarized target with a
Lambda hyperon produced in the final state

[(£) + NT(P) — 1(¢)) + A(Py) + X (Px),

do
dz dy dy dzdéy, dPz,
1;;: 5 (lyz_ p (I i %) {H.f{;.'r + eFyi +/22(1 + =) cos oy, FI7 > After Integ rating over y
T "Lﬂsf-’OJ]f’mmw' Ae \fZ 1 — =) singy }"mo" Only Several termS SUI"VIVe

5y | VERTTD) snan £ + csintzan) £ |
IL 2
fypur== Zea i) D‘f(z),
+ SjAe |‘V/]-_—;-E‘LL+ 2e(1 — &) cos ¢y, fz‘f-ﬁn] -

Fyyr =0,
+ISL| | sin(on — o) (Fome ™ + < =)
Fri =gz e gilz) Dz
+ € sin(dn + bg) Faontds) | o gin(34, — dg) Foniden—és) BL™ Z 91(z)
sin{ 2y, =g i 2Mh ﬂ'a Z
+V/2e(1+2) sings Fp + /22(1+ 2) sin(2¢n — ¢s) Fge %% Fips = -z > e Q hi(z) - z( )‘,
+ |81 A |fh —e? cos(op — ¢s) F w(m_m} +1/2e(1 —¢) cosps Fy7™° cos g 2 2M a a My ., Ea(z)
Fip® =—x Zea 0 zgp(x)Di(z) + i hé(x :
<
+v2e(1 — ) cos(2¢n — ds) y"““"‘“'“*?] } (3.4)



Definition of the asymmetry
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» For the single transversely polarized SIDIS process, the differential cross
section becomes
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Definition of the asymmetry

» The x-dependent and z-dependent asymmetry are defined as

Ay (x)
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The solution for the Pol. PDFs
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> At the initial scale 2 = 2.41 GeV?, we adopt the standard parametrization for
the transversity

NE(z) = Ng z%(1 — z)P

M. Anselmino et al. Phys. Rev. D 87, 094019 (2013)

» How to deal with the twist-3 fragmentation function for Lambda?



Diquark spectator model

>  can be obtained from the Trace of the correlator as follows
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Diquark spectator model

» The diquark spectator can be scalar or axial-vector

rﬁ(Pﬂ: Si) T scalar diquark,
(Pa, Sus X| $(0)]0) = { _ Foma
U(Px, S5 )YH e, axial-vector diquark.
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Diquark spectator model

» The calculator can be derived as
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Diquark spectator model

» Assuming an SU(6) spin-flavor symmetry

Eu%;"& = ﬁd—>ﬂ as %I_}{q) ik, gg{fe) :. j_}s—:-h s j:—:f('q} j

» Up to now, we can obtain the results at a relatively low energy scale, to perform

the prediction at higher energy scale, one should perform the evolution effect on

the fragmentation function, the DGLAP evolution kernel has been chosen as the

same as that for transversity.
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Kinematical region

» For EIC

0.001 <z < 04,
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001 <y<0.95 02<2z<0.3,

Q? > 1GeV?, /s=45GeV, W >5 GeV.

» For EicC

0.005 < = < 0.5,
Q0% > 1GeV”,

» For COMPASS

0.07 <y <09, 02<z<0.7,
V5 =16.7GeV, W > 2GeV.

Q? > 1GeV?, 0004<z<0.7, 01<y<0.9,
2>02, W>5GeV, Ej>15GeV.
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Numerical results

» For EIC

0.00 0.00 —————————1———
-0.05F -0.05
sin ¢ sin i,
AUT : AUT :
-0.10 | Vs=45GeV V10 s=a5Gev 3
tilde{H} without evolution tilde{H} without evolution
[ — - tilde{H} evolution as h, | — — tilde{H} evolution as h,
" M A s s aal " i A s aaal " M L L L 'l L
1E-3 0.01 0.1 0.2 0.3 0.4 0.5 06 0.7 0.8

Z



Numerical results

» For EicC
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Numerical results

» For COMPASS
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Discussion
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» In the phenomenological analysis, we only consider the contributions from the up
and down quark because the lack of information for transversity of the sea quarks.

» We consider the A production in SIDIS process, which is normally more difficult to
be measured than the meson production.

» The asymmetry is quite sizable at EIC, EicC and COPMASS due to the factor A/ Is
much largerthan 7/ .

» We expect that the sin  asymmetry of A production in SIDIS can be measured

with the help of high statistic of the future ep facilities.
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Conclusion

» The estimated sin  asymmetry for the A production in SIDIS is sizable, around 0.1.
The sign of the asymmetry is negative in the entire x and z region.

> The inclusion of the evolution effects of ~ can change the shape and size of the
asymmetry at the intermediate region of x and z.

» sin asymmetries of A production in SIDIS may be measured at the kinematics of
EIC, EicC and COMPASS, which provide a feasible way to access the twist-3 collinear

fragmentation of the A as well as the sea quark transversity.
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Beam spin asymmetry?

Phys.Rev.D 69 (2004) 112004
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Beam spin asymmetry?
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twist-3 observable

measured by CLAS, HERMES, COMPASS last two decades

still can not understand the contribution from each part to the
total structure function consistently



Beam spin asymmetry?
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1. What shall we do to calculate the qgq twist-3 FF?

2. What shall we do about the evolution of higher twist PDF/FF?



