Single Spin Asymmetries in a light-front quark-diquark model
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Introduction Light-front quark-diquark Model(LFQDM) Collins Asymmetry
* In past few decades several experiment collaborations, €& ‘HERMES, COM- = In this model proton is considered as a bound state of a quark and a diquark(of = Collins asymmetry provides correlation between the transversely
PASS, JLAB etc., h&Ve came up with one of the most exciting features of the spin-0, singlet or spin-1,triplet) with effective mass and the proton state is polarised quark in a transversely polarised nucleon and transverse
nucleons: Single spin asymmetry(SSA). written in spin-flavor SU(4) structure as
N . . momentum of the produced hadron.
= These asymmetries indicate existence of non-vanishing transverse momentum P;4) = Cglu So>i + Oy lu Ao>i + Cyyld A1>i
of interior partons and collinear picture is no longer sufficient to describe the | | | . « Collins asymmetry (has contribution from transversity TMDs,
fransverse structure of nucleons, = The two particle Fock-state expansion for J* = +1/2 hy(gj7 pL)) is defined as
: : : : 2
= The information of asymmetries are encoded into the transverse momentum + dz d°p | + 1— Py —2(P )
S)T = )IA Ag; xP 2020 | Bnt =#Ppy P 1) yvi 2 Ly
dependent distributions(TMDs) and fragmentation functions(FFs). [u 5) / 2(2m)3\/x(1 — z) Zw}\ (2, P )N Ag 2P, p ) Ag=0 A0 +0s) (2.2.P) | y) = e SnyC th P(zp AT 2k )
= We calculate the leading twist TMDs in a light-front quark-diquark N dv d’p | . UT o hb 2021 01=y) y ClfY (x.p2)D h/”(z,kL)]
model(LFQDM) with the wave functions adopted form soft-wall AdS/QCD v A)T = /2(2%)3\/:1;(1 ) ZZ@DM\A (z, P )N Ag;2PT,py) . In the LFQDM: v
and give model predictions to the single spin asymmetries. Particularly, here A Ay Aa=1,0,-1 ' | A
we present model result for Collins asymmetry A?}%¢h+¢s>(a:, 2, Py ,y) of = The light-front wave functions: sin(éntos) ixyy Phi\/i ZV zhf (:IZ‘)
proton in SIDIS(/P — ¢'hX) for the 7 and 7~ channels. ¢i<y>< ) NV f A (V)< ) AUT — (1) n(L/2) ) -
L, P — Ly Py A, ¥; TP Ty 2 n\i/xr m
((0)+ N(P) = (') + h(Py) + X M - - : Flim a2 &NV | T (@) — 3 13 (2)
& s = Modified soft-wall AdS/QCD wave function for two particle bound state: NC(Z)D h/v (Z) ( kﬂ}% (02 ) e PR/ P2 i
, . ) in flog(1/z) v b P2 log(1/x) v ! (B2 ) (P?hi)e (P
‘I , P, (z,p1) = p 1 — » ' (l—xz)iexp| —90 212 (1— 56)2 : Dh/l/( )< > e P/ PP)
—f\y = We determine the parameters a;, b7, 0 by fitting the experimental data of o e
P— ] : X ) ; The Collins asymmetry in this model is shown below and com-
- B the Dirac F1(Q*) and Pauli FQ(Q ) form factors.

2 9 pared with the COMPASS data.
At Py AQC p <K Q7 the SIDIS cross-section is factorised as
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In the SIDIS process the TMDs correlator is defined as (at leading
twist I' = 4%, v"y° and 107 79°)

where the first term represents TMDs, the second term represents the hard 0.05/

scattering and the third term is for fragmentation functions(FFEs).
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= In the experimental measurement the azimuthal asymmetries are found to be

o'z p,;S) = (P; S| (0T Wib” (2)| P; S) 005

non-zero and are defined as
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« The weighted asymmetry is projected out for the weight W as
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f dthdqbg (PT0hX dgﬁpi—%/hX]W o 5 X < P
ASKSN(ZU 2, Ppy,y) = s ey Where, "—" represent QCD evolution of fi(z, pi), and '- - =" is for parameter

f d¢hd¢s[dg£m—>€/h){ + dotPt _)MLX]

, evolution of fi(z, pi)
= Where each weighted asymmetry has contribution from particular TMD and

particular FF. For example; | :)éiiiiit?:;” T = A 1({:omplete chD e\{olutions of all the leading twist TMDs are not known. AY
ol 5 N VR B S |\ | is kept at initial scale.
Sm(¢h ¢s)  pl el < o | QK |
Sivers Asymmetry : Ay fir ® D1 5 fip: Sivers func. N | pemer = Parameter evolution approach assumes that the evolution information encoded
Collins Asymmetry : ASIH(gthrng) ~ hi® HlL ; Hf . Collins func. R R T e N w;&“mjf | into the parameters(PRD94,094020(2016)) of this model generates the TMD
A?}l}lzggqﬁh_gbkg) ~ h @ Hl gffl gi ga = QA QA g% g% gr = g% _ g% eVOlU.thﬂ. h/y
sin ¢ LFQDM: 0.71 £0.09 —0.54515  1.25%5% 0371 er t/ B = The fragmentation functions Hi-"(z,k ) and D}’"(2,k ) are taken as phe-
A7 ~ h 7 ® Hl . Data.. 0824007 —045+0.07  1.2740.14 0.59+0-14 —0.20+005 0.79+0-19 nomenological inputs.
D1 is the unpolarised FFs and Ay, th, hlL are the three T-even TMDs. Prediction for EIC kinematics

Conclusions and future directions

Model result for ASIH(S% bs)

A H9) BIC proton « The light-front quark-diquark model(LFQDM) inspired by
A%HT(Ssbh—cbs) is related to the pretzelocity TMD, i Our model OO; ot " __ | soft-wall AdS/QCD predicts the TMDs whose PDF limits satisfy
results of Asm(3¢h ds) for the 7 and 7™ channels are Compal‘€d with o/ _______ % ......... A _____ . the phenomenological extractions qUitG well.
the HERMES data ooel __ | | « Model prediction to the Collins asymmetry and ASIH(B% %) Show
A RS T . well agreement with the COMPASS and HERMES data.
0.04| 1 t % . : : . .
0.02] __ __ -0.05 x i V - = Work in progress to predict Sivers asymmetry in this model.
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