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B Fragmentation functions

Fragmentation functions (FFs) Parton distribution functions (PDFs)
h q
L . h
! Hadronization mechanism fl(x) Hadron structure
Hadron momentum distribution Parton momentum distribution
inside a parton jet inside a hadron
e- e
q
P
X
e™e™ annihilation to hadrons Lepton-nucleon deep inelastic scattering
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B Fragmentation functions

Fragmentation funiltions (FFs) Parton distribution functions (PDFs)
q
! Hadronization mechanism . £ (x) Hadron structure
Hadron momentum distribution Parton momentum distribution
inside a parton jet inside a hadron
-

Insights into the properties of strong interaction

Why PDFs and
FFs important?

Inputs for describing high energy reactions

<

Prerequisite for doing new physics researches

-
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| Motvaton

B Fragmentation functions and isospin symmetry QCD dominated

__,-""-,
N,

v Fragmentation processes are dominated by
strong interactions

v Isospin symmetry is a fundamental property
of strong interactions

FFs respect iIsospin symmetry: prlmd) () od pyn(udd) D) () wod pA(uds) )
equal under the exchange of

=0(uss u<sd =" (dss (2 (sss usrd (2~ (sss
uod. D, "(z) 2= D, (), Dy, "(2) === Dy *(2)
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B Fragmentation functions and isospin symmetry

v Fragmentation processes are dominated by
strong interactions

v Isospin symmetry is a fundamental property
of strong interactions

$

FFs respect isospin symmetry:

equal under the exchange of
u e d.

But

(0 Motivation

QCD dominated

Hadron electroweak decays
violate isospin symmetry

$

Isospin symmetry for FFs can be violated!!
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Motivation

B Examples of A FFs

> Belle data on A transverse polarization

H 0.2
» Unpolarized A FFs @) #A+T
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Isospin symmetric
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Isospin violation for polarized A FFs??

Isospin violating
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Motivation
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Motivation

To what extent the isospin symmetry violation can be
accommodated in FFs if it’s held in QCD?

e Do the Belle data really mean that there is a large
iIsospin symmetry violation of A FFs?
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Isospin symmetry of fragmentation functions

» Isospin symmetry of fragmentation functions
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) Isospin symmetry of fragmentation functions

B The formalism

> Unpolarized FFs: D{lq(z) = Dh’dir(z) + Dh’dec(z)

1q 1q
=Diy"(2) + Xy, Br(hhy) [ dz' Kuy (2 2D, 7(z")
direct fragmentation decay contributions

h,dir

v Direct FFs: D1, (z) are isospin symmetric

v’ Decay contributions, consider: J* = 0~ (pseudo-scalar) and 1~ (vector) mesons,

p_ 17 3t
Ji =3 (octet)and; (decuplet) baryons.

v Higher excited resonance states (very small production rates, mostly strong decay) are included
into the direct FFs effectively.

v' Isospin violation may arise from EW-decays, determined by the branch ratio Br(h, hj).
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j Isospin symmetry of fragmentation functions

) H . = e EO = =0,dir =—dir =0 o " w*
* EZproduction: §Df,(z) & Dy, (z) — Diy (2) DE™ (1) =DE " (2) D (2) =D (2)
gl _ pELdir ELE" 5L0° Q- Q-
Diq(z) = Dyg~ (2) + Dy~ (2) + Dy (2) DY (2) = DY (2)

Br(Q~ - E%7) = (23.6 £ 0.7)%

Q- decays to £% and 2~ unequally: {

5D15q(z) = (SDi'IQ_ = 6Br(E,Q7) sz'KE,Q— (z,z')D{}, (z') < afew percent

L)

=) | Tiny isospin violation for Z FFs, i.e., D;2(z) =~ Diy (2)

* A production: 6D{\q (2) & DA, (2) — DA, (2)
Notice: Z° and Z~ added together

. — * - 0 . . . . .
D{\q (z) = D{\'dlr(z) + DM (2) + DA (2) + DA (2) + DA (2) gives no isospin violation for A FFs
q q q q q -
via & = Am (branch ratio 100%).

=) | No isospin violation for A FFs, i.e., DA,(z) = D2,(2)
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Isospin symmetry of fragmentation functions

> Polarized FFs: hdec(z) =Y, Br(h,h;) [ dz’ Knn;(z,2')t, £ (Z)AD (Z’)

polarization transfer factor

ANET .

The difference of tD and ty~ is very small through the weak decay of £ — Am,

leads to very tiny isospin violation for polarized A FFs.

% Conclusion:
No isospin violation for unpolarized A FFs, only tiny violation for polarized.

Isospin symmetry should be kept in the parameterizations of A FFs.

Can we describe the Belle data under the constraint
of isospin symmetric /A FFs?
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Fit to Belle A polarization data

» Fit to Belle A polarization data
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A transverse polarizationinete™ > AhX

w.r.t. the normal direction of the production plane () e (l1)
£ ‘ ........
Pr(zn Zp 1) = C’[WD#%IDlhq] + (q < q) h(Py) Iz 337
A\4“Nr 4 PAL) — A Nh — : +
C[quch_I] + (g < q) Lot olare et (l2)
C[WDququ] Zq dePTdZPhT5 (—PhT+pT pAJ.) WDqu(ZA; pT)qu(Zh;phT) W=m
Gaussian ansatz: pay integrated A transverse polarization:

1
Dity (zp, pr) = Dify, (ZA) exp( pt/0?)

JTT ZpA/ 22\ M DA (zp) _
Agspy-1 m) | Palzp zp) = =t Azq[R " (Zp, 2n —IZQ(Z:) +(q < q)]
LA — (“q +Bq — 1) ! \/zh+zAA /A? 1q
Ditq (zp) = Nrq aq—-1_PBq
. (g —1) Bq
X qu(l — zA)3QD{‘q (zp) ZD{\q (ZA)D{lq (Zn)

relative weight: R% (ZA,Zh)

Y s ef Diy(za)Di5(zp) + (f © f)
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; Fit to Belle A polarization data

R{7 calculated using DSV and DHESS FFs =) parameterization schemes:

e * Keep isospin symmetry, i.e., u = d

andu =d

e s contributes differently from u, d

e ¢, C not negligible and different from

light flavors
| B | === ‘:_ — QN
0 0l2 0I4 076 0.2 014 Oh'6 012 O-I4- -06 62 0.4 0.6 1A
oL B o, R Six groups of parameters for Dir, (zp),

q = (u/d),s,c,(a/d),sc
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Fitting results

ZN = 0.25 ZpA = 0.35 ZpA = 0.45 ZpA = 0.6
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— "3 N 1 2.41 1.54 5.14 1.86 1.74 1.02
Ee)
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= + + K — 5SS - - -Pythia
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' Y
-0.05 S
: The Belle data can be well described using
0102 04 0602 04 0602 04 0602 04 06 polarized A FFs with isospin symmetry.
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0 [ FJ S . . . . L . |
. ¢ Inclusive A —DSV |E + - L. . .
002} § Inclusive A - - Pythiaj] Current e™e™ data cannot distinguish different
§004f ] scenarios of isospin symmetry or violation.
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Fit to Belle A polarization data

Checking isospin symmetry in SIDIS off nucleus

Using isospin symmetric Using isospin violating
parameterizations for polarized A FFs parameterizations for polarized A FFs
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Chen, Liang, Song and Wei, arXiv:2108.07740 A clean test!
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Summary

»Summary
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We make a systematic analysis of isospin symmetry for FFs by considering hadron decay

contributions.
There is no isospin violation for unpolarized A FFs, tiny violation for polarized.

The Belle A polarization data can be well described under isospin symmetric A polarized FFs. There

is no need to introduce large isospin violation at current stage.

The isospin symmetry can be clearly checked at EIC with SIDIS off different nucleus.

Thank you for your attention!
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