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Fragmentation Functions

First set: cross section observables in semi-

inclusive ete™ annihilation&
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Second set: final state parton distribution

1 do™ ot .z A ]
oy dr o (w,) = Z/ - Ci(z as(p), ﬁ”ﬁ[;ﬁ ) + 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

+ Relate the polarization of the quark to that of
the final hadron + Non-perturbative QCD

: ; : : * Spontaneous breaking
+ Longitudinal polarization of chiral symmetry

* Iransverse polarization

 ——— Collins FF

q 2 1g ,
Dh(ﬂ(:s Ph_L) - Dll(:' Ph)_l_) T Hl 1(:1 Ph)_l_)

/y < l\[}l

Unpolarized FF

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

2 Global anaIyS|s (universality of the Collins FF)
_ T Anselmino et al., PRD 87, 094019 (2013)

COMPASS

HERMES SIDIS ete"

Collins function @ transversity distribution Direct Collins function
(charge and quark distribution)

1-10 GeV? 25 GeV? 100 GeV?
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Measurements

+ Global analysis (universality of the Collins FF)

4 following the extrapolation in the unpolarized FF,
but this has not been validated.
 Low Q2 data from e*e  collider is useful.

Collins function @ transversity distribution Direct Collins function
(charge and quark distribution)

1-10 GeV? 25 GeV? 100 GeV?



Measurements

+ Global analysis (universality of the Collins FF)

=

COMPASS

SIDIS ete

BESIII

1-10 GeV? 25 GeV? 100 GeV?
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BEPCII & BESII|I

BEPCII BESIII
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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
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(used by this work)
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Reference Frame and method

Collins Effect: transverse quark spin relates to an azimuthal asymmetry

e*e” — qq - hX (with unpolarized beams) [ e
Impossible: Collins effect of single (anti-)quark @
Possible: Correlation of quark and anti-quark
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Collins FF & Collins FF

Parameterization: a cos(2¢,) + b

10

a=a (02,Z1,Z2)
z=2E,/Q
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Difference due to energy scale

1-10 GeV? 100 GeV?

At BESIII:
 No obvious thrust axis
e 1 dominant
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Toselectete™ — X

Charged tracks from MDC
Photons from EMC
PID by combined information of dE/dx and TOF

e Nyy >38&&N, >28&&N, =0
. E,.>15GeV

VIS

Pion pair:
 Fractional energy 0.3<2<0.9 (z = 2E,//s)
* Openangle 0__ >120°
 Save all possible combinations
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Two definitions

*\'(2(,)“)

+ Normalized ratio [*=
+ N(2¢,) : di- yield in each 2¢, subdivision
+ (Ny) : averaged bin content

+ Three types of ratio
« RU: unlike-sign (mirm™)
« RE: like-sign (mim®)
« R¢: all pion-pairs (mr)
* Double ratio (to reduce acceptance and radiation effect)

RU | AVLWUC) mainly contains the Collins effect
—TTcT = Acos(2¢00) + B

B should be consistent with unity
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Phys. Rev. Lett. 116, 042001

Results
12 22[0.3,0.5,2,=[0.5.0.9]-
-
o
-
v
-
(r
-
- Obvious
. asymmetr
o . asymmetry

2 0 "IP is
observed!
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Data/MC comparison

MC is generated without Collins effect.

~ AUL=RURL ~ AUC=RUJRC
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Other considerations and checks

2016/8/9

Misidentification of K and m: unfolding the
measurement of A™" and AX™

Gluon radiation effect: subtracting normalized yields
DU & RL(C)
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”™ » utu~
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Phys. Rev. Lett. 116, 042001

Linear dependence
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A linear dependence on sin’6,/(1+cos”6,)
sin® 8, /(1 + cos? 6,)

IS expected

2016/8/9 BESIII Collins @ Hadron 2016



Compare with theory

0.2F - A, !
—&— Ayc

= A, prediction
== A, prediction

Prediction is from Z. B. Kang,
A. Prokudin, P. Sun, F. Yuan
—l—r_'_% Phys. Rev. D 93, 014009 (2016)
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Compare with other experiments

Comparison between different results obtained at different Q2

- BESIIl @ Q*~13 GeV*
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From I|. Garzia, INFN

Predicted in Collins original paper:
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Summary

Phys. Rev. Lett. 116, 042001
+ We measure the Collins asymmetry by using

62/pb BESIII data @ 3.65 GeV

+ Obvious asymmetry is observed.

+ First measurement with e*te~ experiment at
medium energy region.

+ Compared with other experimental results, one
can extract transversity in nucleon, check the
universality of CFF, explore and p;
dependence, then shed light on the
fragmentation processes.
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+ Outlook

+ Collins asymmetries with KK, Km and itrt
(maybe simultaneous measurement)

« Including ¥ in final states
+ Data at higher energy regions

+ BESIII will take more data @ /s =3.51 GeV,
which will improve precision of this
measurement.
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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.
. 2
The averages (z;), (p;) and ﬁ% are also given.

21 4 2 (1) (z2) (p) (GeV) 272 Au(%) Avc(%)
[IZI.Q_._IJ.S] [D.Q, 0.3] 0.245 0.245 (0.262 0.589 1.28 £ 0.93 £+ 1.38 0.50 £ 0.32 £ 0.60
[0.2,0.3] [0.3: 0.5] 0.311 0.311 (0.329 0.576 240 £ 0.74 = 1.08 0.67 = 0.27 = 0.72
[IZI.2._IJ.3] [0.55 0.9] 0.428 0.426 0.444 0.572 281 144 £ 1.10 1.36 £ 0.54 £+ 0.64
[D.BFD.E.] [0.3: 0.5] 0.379 0.379 0.38%8 0.563 3.69 +=1.07 = 1.65 1.17 = 0.39 + 0.62
[0.3,0.5] [0.5: 0.9] 0.498 0.499 0.479 0.564 518 =£1.32 = 1.08 217 = 047 = 0.65
[0.5_._ IJ.Q] [0.5, 0.9] 0.625 0.628 0.499 0.570 18.24 += 3.19 = 1.36 6.37 = 0.99 4+ (.82

p: (CeV) (pe) (GeV) (z1) (z2) e Aur (%) Avc(%)

[D.DD_._ D.QD] 0.133 0.291 0.34% 0.574 1.22 +1.02 =+ 0.48 0.44 = 0.36 = 0.20
[D.'?.D,_ 0.3[}] 0.253 0.285 0.344 0.579 2.79 + .89 + 0.93 1.00 = 0.32 = 0.34
[0.30_, 0.45] 0.405 0.327 (0.346 0.570 241 £ 0.79 £ 0.43 0.90 = 0.26 &£ 0.43
[0.45_._ 0.80] 0.610 0.453 0.349 0.571 5.16 = 0.95 += 0.87 211 = 0.41 + 0.27
[O.BOF 1.40] 0.923 0.646 (0.334 (0.584 0913 £ 274 £ 1.52 3.50 £ 0.98 &£ 1.37
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PRD 78, 032011

Double Collins Asymmetries (DCA)

reference
frame (RF)12

hrust axis n

+ 1he spin correlation of hadron fragmented from quark and anti-quark in
opposite hemisphere follows a cos(¢1+¢2) modulation in RF12 or a
cos(2¢,) modulation in RFO

> DCA were observed in both definitions by Belle and BaBar

Belle Collaboration: Phys. Rev. Lett. 96, 232002 (2006); Phys. Rev. D 78, 032011 (2008); Phys. Rev. D
86, 039905(E) (2012).
BaBar Collaboration: Phys. Rev. D 90, 052003 (2014)

From Xiao-rui Lyu
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