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Introduction

A. Lesnik et al., Phys. Rev. Lett. 35, 770 (1975).
G. Bunce et al., Phys. Rev413. Lett. 36, 1113 (1976).

U The production of transversely polarized A hyperon can provide further
information about the spin structure of the A hyperon and the non-perturbative
hadronization mechanism.

U A class of the so-called time-reversal-odd (T-odd) fragmentation functions has
been the main focus on understanding the fragmentation mechanism behind the A
polarization, such as O

U Since the experimental information on O of the A hyperon still remains unknown,
the model calculations will provide an approach to acquire knowledge of this
quantity.

U The spectator model has been applied to calculate the Collins fragmentation

function of pion and kaon mesons.
A. Bacchetta et al., Phys. Lett. B 659, 234(2008)



The calculation of $

Lowest order diagram describing the fragmentation of a quark to a
hyperon (taking u quark as an example),as 6 © ¥(0 Qi O 4T

The unpolarized TMD FF'O OhQ s obtained from

|
DY (z.ky) = 7 Tr[(A(z kg3 Sa) + Az, krs =Sa))r7)



The calculation of O

The quark-quark correlation function:

A(z, kr:Sa) =2—1‘Z/dk+ﬁ(k- Pp;Sy)
_ /d‘erdng
- &~ ] 2z(2x)?

< RSO (@) Py Spi X)

X (P, Sxs X[ (0)Uy 4 o) |0V o

Where the martrix erlement;

(Pa, SA: X[ (0)|0)

{ U(Pp,Sp) T scalar diquark,

) k—mq

U(PA.Sp)Th k_"mq e, axial-vector diquark.

The vertex structures of | :

y 9 P
T, = 1g., T = 22 oy =

Diquark model



The calculation of O

Applying the diquark model, the TMD FF O is derived as

DV (z.22%k%) =D\" (z, 243.)
~ gh  (1=2)[2%k5+ (M py+zm,)?]
2(27)3 (k3 +L?%)?

Assuming SU(6) spin-flavor symmetry, the FFs of ¥ hyperon
for light flavors satisfy the following relations between the
different quark flavors and diquark types

Du—A — pd=A %D(v) + %D(U), Ds—A — D(S),

And we also choose "Q-dependent Gaussian form factor for
coupling™@Q © —Q 7

Model result
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XZ—F 0, — - :
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The incomplete gamma function has the form:

00 »—I
r(o,z)E/ err.
JZ

And the ¥ hasthe general formy _ a (p Q) .

Model result



The calculation of O

The fitted parameters are

gp = 1983, mp = 0.745 GeV, — 5.967 GeV.
a=05(fixed), = O(fixed).

The DSV parameterization and model result for O o
D. de Florian et al., Phys. Rev. D 57, 5811(1998).
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The calculation of 'O

i The polarized FF "O can be obtained from the following trace:

|

ZTI‘[(A(Z- kriSp) — A(z. kpi=Sa))rvs]

We give at the following expression for "O in diquark model:

gp (1 —2)[%kF — (zmp + M)’

(D) _
G]L (Z‘k%") = —dp 2(2}:)3 24(}(% + LZ)Z

The spin factor ¢y, takes the values 3 pand ¢y, g 850 we
can obtained the light flavors fragmentation function "O as follows

GiyMz.ky) =0,  G{pMz. kz) = 0.
GiTMz ) = GV (2, K2).

The result of "O



The calculation of 'O

The integrated fragmentation function 'O a is defined as

GMz) = Jr22/ dk7Gy7 Mz, 27kT).
Jo

We take the same choice for the form factor as in the calculation
of G, and give the expression of 'Q a

G () =T L ME(2 = 2) + 22 mg My + #(m + m2(2: — 1))] exp[ —22
1 (= —4(271_)2 ~4T2 Z) | A Z ZMmgMA +— z(mp + mglaz exp (1_Z)A2

2 . 2 2 2 L? 2217
— 22ME(2 = 2) + 4z mgMy + 2((1 = 2)A +2(m], + mg(22 = 1)))] 5T ( 0, T—A2) [

The result of "O
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\ T-odd FF O
L)

The T-odd TMD FF 'O describes the number density of a transversely

polarized A hyperon fragmented from an unpolarized quark and can be
obtained from the following trace:

e krpSats
L A;A DlLT(& kT)
1
— ZT[’[(A(Z. k;r; SAT) - A(Z. kT; _SAT))}/_]'

As is well known, the nonzero contribution comes from the loop
corrections. (The tree-level calculation cannot provide a contribution
to T-odd fragmentation functions, because of the lack of final state
Interactions to produce imaginary phases in the scattering amplitude.)



T-odd FF'O

At one loop level, there are four diagrams that can generate imaginary
phases (the fragmentation of a quark into a ¥ hyperon in the spectator

model):
Py
..__-;;--—— —-);——__
(a) (b)
___-;E-——— + ...:é._—— + H.e
k-1 o ;;
=(C) (d)



2 T-odd FF O

The gluon diquark vertex 3:
0% = igT(2k — 2P — 1),

[0He — _igTa](2k — 2Py — )P
— (k= Py =1)"g™" = (k= Pp)g™].

In the calculation of T-odd functions, we utilize the following Cutkosky
cut rules to put the gluon and quark lines inside the loop on the mass shell
to obtain the result. This corresponds the following replacements

1

; 2
i — —2mid((k —D*).

— —2is(1%),

(k —D? +ie



T-odd FF O

We give the expressions by diguark model:

_2g2
2 -
B agg;Cp €A 1

(2m)* 22(1—2z) (kK2 —m

L(s) (L o L) (. g L) (. L(s) (, 1.2
7 (DIT(G)(z,L.%) + Do) (2. k3) + Dy (2. k%) +D1T((d)(z,kT)) ,

. 2
2

(k2 —m2) B-2)

Dy (2. k) = ﬂ.fﬂ{mq(zfg — A) — MA(B — 215 + 2,4)}

1 (s
DlT((a))(z:k%) =

1 (s
Dyl (2. k) =0,
M)y

Z

Diy (2 k) =

1T(d) {2(1 — z)(quPg — My DPA_) — z(MpA B — mq./-l)} :

Scalar diquark component



1 (v 1 (v 1 (v
1T (v) (=, k’%) + DlT((b))(Z: k%) + DlT((c))(Zs k%) + DlT((d))(z, A%)) 3

2) = 20,92Cp A% 1 (Dl (v)

(2m)* 22(1 — 2) Mp(k? —m32)

1
2 k2 = o . {QM’A[mq(Iz —A)+ Mp(A— I —B)] + k- Pr(4lz — 6.A)
( T an)
3 [ k% —m?
— (Ak - Py + BPR) + 5 (qul + (k* — mg)A) } :
2 k1) =0,
-1
k2 = M ((k? — m2)CPT + 2M2DP7
m (”uz — mg)
— 2mgMACPY ) + 2k - Px(mqCPy — MADPy ) + 2 2‘1 I + 5 (MADPy —myCPy)]

oM
— M (mgMp A+ 2k - PxA+ M2B) — =2 (my MACPy + k- Py CPA_)} .
Z

Axial-vector diquark component



= T-odd FF 'O

Here, 4 B.cand » are functionsof Qhx ht ©¢& @ .

I
A=
;"(MAva)
I
« (sz(kz MR 2 (4 - mg))) |
2k2 k2 2 _MZ
B—=— L1+ + Alz),
/'l(MA,mD) T
CPF = 24— (=2k + (2= M3+ zm),
2k3. 27k |
~1 1
DPy = —> (1 =22)k2 4+ M3 — m3)1.

a ZZk%- B 2zk%

Axial-vector diquark component



D T-odd FF O
9,

The FF'O follows the SU(6) spin-flavor symmetry

‘ I 1), 3 1) s L)
DILT_D%?#_ZDIT +4D . Dy =Dy

We also check the positivity bound in our model

1/2
20 (2) < Dy (2).

The half Q;moment of ‘Of s defined as:

1/2 ‘kT‘
DY) = 2 [ g - Dl k).

Positivity bound



\ T-odd FF O

We plot the numerical results of the half 'Q -moment of O
(multiplied by a factor of 2)
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2D T-odd FF 'O

In our model, the axial-vector diguark model is the dominant contribution to
O

* The size of ud quark is negative and around several percent.
* The size of s quark is consistent with zero.

The model calculation of O for ud quarks does not always satisfy the
positivity bound

e The bound is violated at the large z region (& 0.75).
e The violation may arise from the fact that T-odd TMD FFs are
evaluatedto U | , while the T-even TMD functions are usually truncated

at the lowest order.

Comparison



Transverse ¥ polarization

We apply the model result to predict the transverse ¥ polarization:

M. Anselmino et al., Phys. Rev. D 65, 114014 (2002).
D. Boer et al., Phys. Rev. Lett. 105, 202001 (2010).

pr _ A0 [do(Sar) = do(=Sxr)]
I do  [do(Sar) + do(=Sar)]’

In SIDIS:

> y€afq/p(X)[do"/dy|AD 1, (2.PF)
> g€2f 0 (X)[do? e/ dy| DI (2. PE)

P(x,y,2,P7)|pis =

In SIA(single inclusive 'Q 'Q annihilation):

5y c2ldo” [ ADy (2. P
> g eé [4:1'0"‘5'“?_/e:!'y]iﬁ)"%"_>A (z,P7)

P%(%Z-PT)‘SIA —

Transverse polarization



Using the SU(3) flavor symmetry for unpolarized ¥ FFs and ignoring
the sea quarks’ contribution, we obtain the approximate result of 0

PA‘ ADAT;’U PA| o SADAT/'IJ + ADAT/'S
TIDIS ~ TuoA - TISIA — u—A S—A
D} 5D} + Dj
0.0
0.1 T
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< 7
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| ——sIDIS
04r 20 ]
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V4

We present the result in the region a T UV
The numerical results show that 0 is negative in both SIDIS and SIA.

Approximate result of 0



Summary

In this work, we studied the T-odd transversely polarized
fragmentation function ©  for the process ¢ — ¥ +X

U We performed the calculation of O ," , O of ¥ hyperon in the diquark
spectator model, and we used the relation between the quark flavors and
diquark types for fragmentation functions.

U We obtained the values of the model parameters, by fitting the model
result O () to the DSV parametrization at the initial scale *

™ J A 8

U Using our numerical result of O , we estimated the transverse
polarization 0 in both SIDIS and SIA, and found that in these two
processes the polarizations are negative and substantial in the large z
region.



Summary

Some comments

U In our model the flavor dependence of the fragmentation functions was
obtained based on the assumption of SU(6) symmetry of the octet baryons

i In the calculation of O , we only considered the leading order result, and
assumed that the evolution for O is equal to that of O .

U We note that SU(6) symmetry breaking, higher order corrections and evolution
effects for O may alter the results only quantitatively, but we fully expect
that they will not change qualitatively.






