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ragmentation unctions

Li

1 First set: cross section observables in semi-
inclusive e*e™ annihilation ete™ — /7 - h+X

1 d%" 3 N 3 . 5 3 .
0y drdcost B g{l—l—ms H)FT(I’S}+ESIH QFL(HHS}‘FECGEQFA (z,5)

Second set: final state parton distribution

functions
1 doh

L 1
oy = P = Zf 7 im0, DI ) + O

probability parton i fragments into a hadron h

K.A. Olive et al. (PDG), Chin. Phys. C38, 090001 (2014) (http://pdg.lbl.gov)
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spin-dependent Fragmentation

olarization of the quark to that of

Non-perturbative QCD

Longitudinal polarization Spontaneous breaking
of chiral symmetry

Transverse polarization

Collins FF

Unpolarized FF

J. Collins, Nucl. Phys. B936, 161 (1993)
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BaBar

Belle

Direct Collins function

©1-10 GeV? 25 GeV?2 100 GeV?2
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Vieasurements

niversality of the Collins FF)

BaBar

100 GeV?

 1-10GeVv?
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BEPCII & BESIII

BESIII

<@ clectron
ERF

| o

A DR

- SRLight

\/s = 2~4.6 GeV, rich physics potential .
Light hadron, charmonium, charm, R & QCD.
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BESIII (data samples)

2-4.6 GeV

BES98 PRL 84(2000)594 by - I

BES pRLBB()101&)2 s vaw / ~1’3 B J/\']

v S qal

e sl v ~0.45 B y(3686)
piuto R LTI v ~2.9fb! @ w(3770)
Y b i v ~5 fbl collected above
4 GeV, mainly for XYZ
states
v" Others include R scan
| and continuum data, etc.

62 pb! @ 3.65 GeV
(used by this work)



orence Frame and method

Collins Effect: transverse quark spin relates to an azimuthal asymmetry

— qq — hX (with unpolarized beams) 9
ssible: Collins effect of single (anti—)quark - Y/ w. ; »
ible: Correlation of quark and anti-quark §i#cd q-

\
LY

Collins FF & Collins FF

Parameterization: a cos(2¢,) + b
a=a (92121122)
7 = ZEh/Q
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BaBar

\ Belle

BESIII

1-10 GeV? 100 GeV?2

At BESIII:
No obvious thrust axis
T dominant
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2015/9/17

Event selection

e Toselectete™ —» X

Charged tracks from MDC
Photons from EMC

PID by combined information of dE/dx and TOF

Ny =3&& N, >2&&N, =0
E,.. >15GeV

Pion pair:
Fractional energy 0.3<z<0.9 (z=2E,/+\/s)
Open angle 0 >120°
Save all possible combinations
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Two definitions

yield in each 2¢, subdivision
(Np) : averaged bin content

Three types of ratio

RY: unlike-sign (nmim™)

RL like-sign (r¥mT)

¢; all pion-pairs (r)

] Double ratio

2015/9/17

AULWUO) mainly contains the Collins effect
B should be consistent with unity

= Acos(260) + B
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arXiv: 1507.06824
Results

2,7[0.3.0.5].2=[0.5.0.9

Obvious asymmetry
is observed!

-~ AUL
—&— AUE
= A, prediction
== A, prediction

02 03 05 0902 03
Prediction is from Z.-B. Kang, etc 0.

arXiv: 1505.05589
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arXiv: 1507.06824
Results (II)

* A,

& Ayc
& A, prediction

* A, prediction

Asymmetry dependence on

transverse momentum

Prediction is from Z.-B. Kang, etc
arXiv: 1505.05589

A linear dependence on
sin® 0, /(1 + cos? 8,)
is expected

0.6 0.8 1
sin%e,/(1+cos®6,)
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Data/MC comparisons

generated without Collins effect.

AUL: RU/RL AUC: RU/RC

0.1

_F_I_I_I_

BESIII

Preliminary
--Data
-+ MC

¢

(0.5-0.9) 2y

(0.3-0.5)  (05-09) 7, (0.3-0.5)

(0.3-0.5) ' (0.5-0.9) 1 (0.5-0.9) Zy, (0.3-0.5) 1 (0.5-0.9) (0.5-0.9) 25,
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Wther considerations and checks

Misidentification of K and m: unfolding the
measurement of A™™ and AK™

Gluon radiation effect: subtracting normalized
yields RV — RL(O)

Higher harmonic terms: including in the fit
function

Possible charge-dependent acceptance effects:
studying double ratio of positively over negatively
charged pion pairs; combining pion pair randomly
Beam polarization: studying the angular
distribution of ete™ - u*tu~
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Ollins asymmetry comparison

Comparison between different results obtained at different Q*
- BaBar Belle @ Q?~110 GeV?
- BESII @ Q*~13 GeV*~

PED 90,052003
PRD 36, 039905
arXiv:1507.06524

+ BaBar |PRD 20052003
= Belle PRI 86, 039905 :
o Beslll  |arXiv:1507.06824 ;

From I. Garzia, INFN
Predicted in Collins original paper:
-Larger asymmetry at lower Q* region
-Asyminetries increase as z grows
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Summary

the Collins asymmetry by using
ata @ 3.65 GeV

~ such as BaBar and Belle but also DIS etc will
k the of CFF, extract in
eon, explore Q“ evolution and p; dependence,
shed light on the fragmentation processes.

k at BESIII

= Data at higher energy points or more data @ 3.65
GeV.
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Summary

the Collins asymmetry by using
ata @ 3.65 GeV

~ such as BaBar and Belle but also DIS etc will
k the of CFF, extract in
eon, explore Q“ evolution and p; dependence,
shed light on the fragmentation processes.

k at BESIII

= Data at higher energy points or more data @ 3.65
GeV.

Thanks for your attention!
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TABLE I. Results of Aur. and Avuc in each (z1,22) and p; bin. The uncertainties are statistical and systematic, respectively.
and —‘ifi-”-— are also given.

The averages (z;), (p:)

0.2, 0.: K
0.2 .:' 0.3, 0.5]
0.2 0.5, 0.9]
|3 0. E] 0.3, 0.5]
0.3, 0.5][0.5, 0.9]
0.5, 0.9][0.5, 0.9]

pt (GeV)

[
[
[
[
[
|

[0.20, 0.30]
[0.30, 0.45]
[0.45, 0.80]
[0.80, 1.40]

2015/9/17

{1+cos<8q)

0 -l'JH
0.625

(pe) (GeV)
0.133
0.253
0.405
0.610
0.923

(pe) (GeV)
0.262
0.329
0.444
0.388
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1.28 £ C'.Q.j :I: 1.38
240 =£0.74 £ 1.08
281 =144 £1.10
3.69 = 1.07 £ 1.65
5.18 £1.32 £ 1.08

18.24 = 3.19 =+ 1.36

"1UL({V}
1.22 +£1.02 £ 0.48

279 £ 0.89 £ 0.93
241 £0.79 £ 043
5.16 = 0.95 = 0.87
9.13 £ 274 £ 1.52

0.67 = 0.27 £ 0.72
1.36 £ 0.54 = 0.64
1.17 £ 0.39 + 0.62
2.17 = 047 £ 0.65
6.37 = 0.99 £+ 0.82

0.44 £ 0.36 = 0.20
1.00 = 0.32 £+ 0.34
0.90 = 0.26 £ 0.43
211 £ 041 £ 0.27
3.50 £ 098 £ 1.37
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