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Motivation:

» Fragmentation functions (FFs) describe parton hadronization;

» Hadron production in SIDIS: OSIDIS X
do~do @POHEE~_
P k EI 2 <
EP, kr_|2 I | P, )
~ X ‘ og"
P,
S R




Motivation:

Probabilistic interpretation of leading-

qq twist fragmentation functions
correlator:
Leading Quark TMDFFs O— Hadron Spin @ Quark Spin
Quark Polarization
> Compared Wltth . Df_T and COHinS Un-P?l;a;rized Longitudin?lll)y Polarized Transvers?.lr); Polarized
function, twist-3 g-g-q correlation
. : . _ 1 _ _
fragmentation functions remain poorly Dy = () Hi =(O-©
. Unpolarized Collins
constrained.
G1=@r-C [l -G-@)
Helicity
qa-g-q 1 d) H, = (b - @
correlator: Dir = - @ GlJ_T = @ - @ : N v
" Polarizing FF HIT = @ - @
4



Motivation:

e /A hyperon: |uds). 6

e In SIDIS, one structure function 1s dominated by flq (x)ﬁg_)A (z) . 6 @
sin ¢hg \ 2M D (Z ) \//
Fyyr*(x.2) = xZeﬁ thl(-x) TZ ;

o D arises from the twist-3 spin-dependent quark—gluon—quark correlator 4,,, and
induces a transverse-spin-dependent asymmetry in transversely polarized A production:

sin quA
uuT

* This asymmetry can simultaneously probe the twist-3 fragmentation mechanism (D7)
and the s-quark structure of the proton (f7).



Model calculation for the twist-3,T-odd FF D7

> quark—gluon—quark fragmentation correlator 4 ,,,:

_|_

_ det 2 _ £
A(z,kr; Sp) = 2 : f &T e™%(0] dﬂ+uf;+ )

— ¥ T DO+
X gF| (m )Uéﬁ &) (&) | P, Sa; X)(Pa, SA:Xlw( U 0+?Do+)u(UT,£T)|O>

n- =£ =0
nr=&r

— 2
> Dy relation: T kT DT%
2032
> D7 (z, k%) andD3(z, k%) are obtained from: \

 ae _ : , kr - St i o
(97" —ie7™ys)7 | = €* +1iG'r) — M? ¢ kT iG)

2M 5




Diquark spectator model calculation for the FF Dy

» Diagram:

B
Feynman
A (kk—kl,P Sh) R O St
diagram
1 kllé i
(qeq f tati <
qgq fragmentation apf a PB _ ja . Bp
correlator) i G} g

> Matrix

U(Pp, SA) Y72 scalar diquark,
element:  (Fa-SA: X[(0)]0) =

axial-vector diquark



Diquark spectator model

: — 2
» Scalar and axial-vector { Vs = gs(k7)
coupling vertices: 0 "
_ gu(k7) P,
y:ﬁl - T’}E}(T# T ﬁ)
. . T P.I-L Pu
» Polarization sum: dHY = Z AL Eia Eia = — g + ifiﬁ

» Gluon—diquark coupling vertex I':

TP =i (2k — 2Py — 1)P;
[PV = — i [(2k — 2Py — 1)P g"* — (k — Py — 1)*g"? — (k — Py)" g""

» Expression:

Cras 1 / d*l (I"gy” =10 ) (¥ — L+ m)V"( Pa + Mp)(vs $a) V(K +m) Jik Jiv T
(

M= lema-ap o2 | @t (=02 = m)(@ = i) (k== Pa)? — m2) (== % 0




The model calculation of the FF D, (z, k%)

T-odd FF Dy (z, k%) originates from the imaginary part of the scattering amplitude:

1

e Imaginary part ' I* + ie
of the function Cutkosky cut : 1

(k—=1)* —m?* + ie

e SU(6) spin-flavor symmetry
3

— =27idé(I?),

— 27ié((k — 1) — m?)

Du—h—ﬁ Dd—}ﬁ D(S) + _D(V) Ds%ﬁ _ D(S)
4 4 :
* Model result: Craee 1
D kz D ’k2
Scalar part: 7z k) = 4 Mp(2m)2(1 — 2) k2 — m? rs(z, kT)

Drs(z, k%) = 2¢g%(zm + MA){A[M3(z — 1) — zm3,] + BMi(z — 1)

— k%z[Ck_(l —2) + 1]}



The model calculation of the FF D, (z, k%)

zCrag 1 N ) ) -
4 M (2m)2(1 — z) k? —m? {Drv(z,k7) + Drvo(z, k) + Drvi(z, k1) + Drva(z, k7)}

f)r}’:(z kT)

. 2g2 ) 0 0 0 axial-vector
Dy = — ; (zm + MpA){A[Mj(z — 1) — zmp| + BMj(z — 1) — k7z[Ck™ (1 — 2) + 1]} part:

_ 2
Dpyo = 32;?; {(k- Py +mMy)[(AA + 2AB)k - Py + M (AB + zBB) + 2Wy] + k%M (AA + zAB)
A
— (A+ 2B)[2mMuk - Py + (k- PA)* + Mx(m? + 2k%)]}
_ 2
Dry1 = Si - { Mp{z[-k%(mAA + 2MyAB — 4mA — 2MpB) + (MAB — mZ,)(k* + 3m?) + 2mW\]

+ 2MA[—AAKS + 3Ak2 + MA(MABB — mB) + 3W1 |}
+ k- Pa{z|—AAK% + (A — To) (k> 4+ 3m?) — 2W1] + 2k - PA(AA — 3A + 2T5)

(k* —m?)
2k

2 2

Drya = — 3%}2 {%{-kifn [CCE™(k* — m?)(m + My) + 2mMy(CDk™ My — 2Ck~m) — m 7]
A

kQ _ mZ

+ Wuk™ (K2 —m2)(m + My) +m 7,}

+ M} z[—k3(2CCk™ (zm + Mp) + CDk™ Mpz) + 4Wak™ (zm + M)

+ z{—kgwcgk_k_z(ﬂffﬁ —zm) — k- PA[AWhE™ (My + 2zm) + k%(QCk_zm — CCE™ (3zm + ﬂfﬁ))]}}



Fit model parameters

» UsingD4(z)and G{(z)model results:

Sape{ 2= 2)(my + M =)

—2zL7
o (=)
(1= 2)A2 =2((my + My)* = m}))
ZZLZ 2ZL2
X?F(O*u _Z)Az)}*

2 2

1 -z
L* = ——M3 +mj +
< e

2m

-0y -2

G10) = g e { (1= M2 =)+ 20,1,
—2zL?
+ z(m?, + m§(2z —1))] exp((l —Zz)AZ)

— z2M3 (2 — z) + 4zm,M
+2((1 = 2)A? +2(mp + mg(2z - 1)))]

L? 2zL2
X —2F 0_.. 3 .
A (1-2)A

where A% = )lzz“(l — Z)'B, 9ds = g, Mp is diquark mass

> Fitted to the LO-DSV parameterization at the initial scale:u?, = 0.23 GeV?>



Fit model parameters

0.18
015t e 1 > ForDA: D'=A = DI=A = DS=A = DA,
ool = = Model
D 0.09} . u—pﬁ 2 d—}ﬁ 2
o ! soA | Gi. %z, k7) =0, Gz, ky) =0,
.| | » OnlyG; \
.| _ (DSV scenario 1) G Mz, k3) = Gy (2, k).
e massesofu,d,s: m = 0.36 GeV;
0.08 i
* A hyperon mass to be 1.116 Gel/;
0.06
& > Fitted model parameters:
0.04
0ozl s A (GeV) | mp (GeV)| m (GeV) v 5]
2.8310-1%13.5677023 | 0.3971005 | 0.36 (fixed) | 0.27005 | 0.52700%

0.0



Model calculation for the twist-3,T-odd FF D

Collinear function D;(z) = z?[ d?k; Dy (z, k?)

0.0 0.2 0.4 0.6 0.8 1.0
—— 7 0.0000 . : : :
L\
0.006 | Band -
model scale -0.0004 F
_ - = Q’=100GeV’
ZDT(Z) - -
0.004 -0.0008 \ e
s ! \ /
\
-0.0012 N / . |Band -
0.002 F i ‘““x%_ e model scale |
- - Q*=100GeV’
-0.0016 i
0.000 £ . A ,
0.0

a, = 0.817 in initial scale

e u(d) — A: negative and small, with scalar and axial-vector contributions;
e s — A:positive, with a magnitude larger than u(d) , with only the scalar contribution;

e QCD evolution from Q% = 0.23 - 100 GeV?, using the same evolution kernel as Dy;



Prediction on the singgs, asymmetry of A production in SIDIS

Transversely polarized A hyperon

production in SIDIS:
£+N > +A+X

* The azimuthal angle ¢ ,1s the angle
between the lepton scattering plane and the

r | EF E"r‘ll\ . ':_j .lr.!.-"
transverse-spin direction of the /A hyperon. SIMPgy = =~ -
VISR
0 P-q PPy
. . . X = . = — 7= .
* Variables in the scattering 2P - g YT P P-g
Cross section 2Mx ;
y = W? = (P + q)?, s = (P+1)?



Prediction on the singg, asymmetry of A production in SIDIS

. . 1
> z- and x-dependent singg, asymmetries: 1—y— 37’y

&£ = ; g
L —y+ 5y% + 172

sin ¢
5”“"5’31( ) = fdmfdy:cyCW 2(1 E}(l T zm)\/ZE 1+¢)FUDTS&($33)
UL’T
[ da fdymy@a s L+ ) Fouy(a.2)

sin ¢
A5 () fdyfdzIij 2{1 5 (1+ L)/2e(1 + ) F, gt (x, 2)
UouT
fdyfdz_ry,@j E{I—E] (1 T E)FDUIJ (m‘. 2)

b

» The corresponding structure functions are
 Both numerator and denominator contain the PDF:

Fuuu(e,2) =« Y A fi(2)Di(2)) £100).

A

Fsm qbsﬁ $Z Qﬂfﬂ q Dgﬂ(z)
UUT q » ) ¢ twist-3 structure function contains the 224 p 2 factor.




ging,

A

Prediction at EIC

EIC Kkinematic region:

0001 <x <04, 001<y<095 02<z<08, o Inthexandz distributions,
Q% > 1GeV?, /s =45GeV, W >5 GeV.

Numerical results for the x- and z-dependent asymmetries:

the asymmetry 1s negative

and sizable.

-0.05 ¢ , -0.05 ]
V5=45 GaV L e ]
—u+d 1 ook = ~<._ | * Because the s-quark
010fF ~ . - = u+d+s ]l 7} s A

channel has an opposite

015k

uuT

Ys=45 GeV . ~ . . .
u+d | Drp sign, including the s-

= == U+d+s

1 -0.20F

020k 1 025§

quark contribution reduces

. 5 ; i sal N e s el ; . M 1 1 N L ; i : 1 . L
cl'215E.3 0.01 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

the absolute asymmetry.

The asymmetry versus x peaks near x ~ 0.04 and then decreases as x increases.



Prediction at EicC

EicC,kinematic region:

0.005 < = < 0.5,

Q? > 1GeV?2,

Numerical results for the x- and z-dependent asymmetries:

<0.03

. Js=16.7 GeV
-0.10 '\ +d
“ - = -u+d+s
&' -0.15

-0.20F

-0.25

1 -010F
1 015}
] -oz0f

1 -025 5

1 -030

0.01 0.1

£

0.07T<y <09, 02<2z<0.7,
\/E = 16.7 GeV, W > 2GeV.
0.05 -
g e Its sign and overall trend
. are consistent with the

# v5=16.7 GeV
— u+d
- = utd+s EIC case.

0.2 D.S 0.4 D.E D.E D.T"

Although the s-quark PDF f; is small, the s-quark contribution still has a noticeable impact.



5i|‘|t-5_

uuT

A

* This behavior i1s mainly driven by the kinematic factor

0.00 -

-0.05 1 -0.05

-0.10 010 F
0.15 -0.15 F
-0.20 4 -0.20
_DEE 5 | 5 | L 1 1 _UEE L

0 20 41 &0 80 100
ﬂ:"

 As Q7 increases, the absolute asymmetry decreases rapidly.

Q2 dependence

0.00

Fixed x = 0.1 and z = 0. 3; Q*-dependent A

SiIl(I)SA
UUT

v85=16.T7 GeV
¥=0.1
z=0.13

= = u+d+s
—_—

15
DE

20 25

> From Q*% = xys;
because EicC has a
lower center-of-mass
energy, its accessible

Q? range is limited to

about 25 GeV?,

M p



Results of disscusion

» Asymmetry magnitude

* The loop term scales with the strong coupling os; at the model scale, ui = 0.23GeV? and
as(ﬂoz) = (0.817.
* For the A hyperon (mass approximately 1.116 GeV), twist-3 kinematics enhance the

asymmetry at low and intermediate Q.

» s-quark impact

» Flavor weighting includes the s-quark contribution f;f D37,

* The s = A channel partly cancels the negative u, d contribution, reducing the asymmetry

magnitude.



Summary

Using a diquark spectator model, we obtain a nonzero twist-3 naive-T-odd qgq FF D for
the A hyperon, with the (u(d))-quark and (s)-quark contributions having opposite signs.
The parameters were fitted to D;, G;, and the QCD evolution effects of Dy were investigated

by approximating its evolution with the same kernel as that of D; .

in ¢

In the considered x, z, and Q“ regions , the predicted ASU UT >4 asymmetries at both the EIC

and EicC are negative and can reach sizable magnitudes. Their precise values are subject to
uncertainties arising from the model assumptions and the evolution scheme.
The s- quark channel noticeably modifies the asymmetry and provides complementary

sensitivity to the strange-quark distribution function f;> in the proton.
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