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o Motivation

o First Measurements of Collins Asymmetries at LEP
Bonivento, Matteuzzi, Kotzinian, (DELPHI note, 1995),
Efremov, Smirnova, Tkachev (Nucl. Phys. Proc. Suppl. 74, 1999)

Experimental Method
Collins Analysis & Results
IFF Analysis & Results

Future Plans
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BELLE

=4 Why are Measurements of Spin Dependent
Fragmentation Functions Interesting?

o Very basic QCD process: Fundamental test
case for any approach to solve QCD at soft scales.

o Tests schemes of universality and factorization between
e’e’, DIS and p-p collisions.

0 Symmetry properties.
o Test evolution as fundamental QCD prediction.

o Connection between microscopic (quark spin) and
macroscopic observables (azimuthal hadron distribtion):

=» Provides final state spin analyzer for the study
of quark transversity distributions from data
taken by HERMES, COMPASS, JLab, RHIC
and in the future EIC.
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</ Motivation Transversity Quark Distributions dq(x) from
Collins- (CFF) and Interference-Fragmentation (/FF)

BELLE

Collins Asymmetries from HERMES, eg.
Luciano Pappalardo, DIS 2009, Madrid

Collins- and IFF- asymmetries

eb
»;n 01 = CHERMES PRELIMINARY 2002-2005 ) . . i .
¢  epton beam asymumetry. Colins ampitudes In semi-inclusive deep inelastic
e g : scattering (SIDIS) and pp measure
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2 O e —-—————=-=1 Collins- and IFF- asymmetries
- : | C L . o .
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Vsl ] y ] T ~ CFF(z,) x CFF(z,)
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| T ~ IFF(z,) x IFF(z,)
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X z P.. [GeV]
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Global Analysis:
Extract Transversity Distributions

RBRC Transversity
Workshop 2000 =

Measure CFF and IFF
asymmetries in Belle !

ete-

~ CFF(z,) x CFF(z,)
~IFF(z,) x IFF(z,)

SIDIS

~ 0q(x) x CFF(z)
~0q(x) x IFF(z)

pp =2 jets

Transversity, 5q(x) ~ G(x4)x0q(xy) x CFF(z)
Tensor Charge pp > h™+h +X
~ G(x,)xdq(x,) x IFF(z)

pp> 1"+ +X
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Early Work in DELPHI: Collins Result

Efremov, Smirnova, Tkachev (Nucl. Phys. Proc. Suppl. 74, 1999)

Sample: 3.5 x 106 events at + S=MZO DELPHI preliminary
Analysis: di-hadron correlation for b X/ndf 1376 / N o
leading hadrons ) I - -
) p,(0,) =p1*sin2@2/ (1+coszg)2)
6 F \ [
H |
—1=62+1.7% (stat.error)] s |\
D,
FW ,/'
nF \ /. (&
Hl 0 : § \ : E‘S
—1{=12.9+1.4% (stat.error)| | 8 \—*—/ S
D 1 sk P T N
[ — 35<0,K135 —»
§ 7 3 SR - S BRI B R AR S AR

= First result on Collins Asymmetriesinete- 20 0 6 s 10 120 140 160 | :
. . 0,,degree .
= Monte Carlo for acceptance corrections 2
= Systematic errors were not estimated : :
= DELPHI result e*e- compatible with —— 15<0,<175 ——>
ERMES+ BELLE (Efremov, Goeke, Schweitzer)
II
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=4 Combined Analysis of

/o

=3 Collins Asymmetries in SIDIS + e*e" !

- I
< g2 | 05z07

Belle: Collins Anselmino et al.

0.15 - Asymmetries Phys. Rev. D75:05032, 2007
0.1 A a Nucl. Phys. Proc. Suppl. 191, 2009
0.05 |-, 4
0 . . . .......... el

-0.05

SR TR S (] G SR/ e S GeUx ] U

0.2 0.4 0.6 0.8 0

<

+ HERMES, & COMPASS data - R
=> first extraction of dq(x) : oo qil(&vf
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Collins Based Extraction of Transversity:
Uncertainty from Transverse Momentum Dependences!

N <«
(\"’“96 \\\(\6
@ a’(Aa)
fd¢5d¢hd k,oq(x; k ) (Z pL)Sln(qﬁS +¢ +¢ )sin(pg +¢,)
ACollins _
d(Ao
Seifdbdnd’kaiky <7 Dl
%, 6&
R %
'f 2P
% R
k. transverse quark momentum in nucleon Anselmino, Boglione, D'Alesio,

. ] Kotzinian, Murgia, Prokudin, Turk
p. transverse hadron momentum in fragmentation | pnys. Rev. D75:05032,2007

The transverse momentum dependencies are unknown and
difficult to obtain experimentally!

IFF will provide alternative route of access independent of knowledge of
transverse momentum dependencies.
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CFF or IFF in e*e  : Need
Correlation between Hemispheres !

0 Quark spin direction unknown: measurement of
CFF or IFF 1n one hemisphere is not possible
as the azimuthal modulation will average out.

o Example, correlation between two back-to-back hemispheres
sin ¢, single spin asymmetries for CFF results in cos(¢,+¢,)
modulation of the observed di-hadron yield.

Measurement of azimuthal correlations for pion pairs (CFF)
or pairs of pion pairs (IFF) around the jet axis in events
with back-to-back jets!
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=4 Collins Effect in di-Hadron Correlations

quark-2
spin

Z, , relative pion
momenta

electron

spin

positron

In ete- Annihilation into Quarks!

Collins effectin e’e’

quark fragmentation

will lead to azimuthal
asymmetries in di-hadron
correlation measurements:

Ni oo (P1FP,) ~a41,c08(d4+d,)

Experimental requirements:

= Small asymmetries =
very large data sample!

= Good particle ID to high
momenta.

= Hermetic detector

= Events with back-to-back jets
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=4 IFF in Correlation of di-Hadron Pairs

/o

electron

, CI21

quark-2 spin

Zpair—1 spin

Z, , relative pion-pair
momenta

positron

in ete- Annihilation into Quarks!

IFF in e"e” quark fragmentation
leads to azimuthal asymmetries
in the correlation of two hadron
pairs:

Npair1 ’pair2(¢pair-1 +¢pair-2) =
a12c;os((|)pair-1 +¢pair-2)

Experimental requirements:

1 2N XX
a
& ieos ‘N

22
pair@@iP2airpair

= Small asymmetries =
very large data sample!

= Good particle ID to high
momenta.

= Hermetic detector

= Events with back-to-back jets
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W=y KEKB: L>2.1x 10%cm2s" I

BELLE
KEKB

— Asymmetric collider Average Trigger rates:
- 8GeVe +35GeVet Y(4S)->BB 11.5Hz
— ¥5=10.58 GeV, e*e > Y(4S) () B[¥]B Sfm 16 Hz 28 He
— Off-resonance: 10.52 GeV Bhabha 4.4 Hz

e*e 2> q]q (u,d,s,c) 2y 35 Hz
— Integrated Luminosity:

588 fb-! (on resonance) “cavtes 1R

qj : — Belle detector
73 b (off-resonance) ‘_ .

KEKB B-Factory =%

ARES copper

/ P J

= TRISTAN
tunnel

cavities (LER)
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Luminosity vs Time for 24 hours at KEKB
Continuous Injection = Constant Collision Rate

Y
N
3

14.908 [/nb/sec] @15:16

Integrated Luminosity  1114.40 [/pb]
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Belle De_t_e_ctor

Pt RN Aerogel Cherenkov cnt.
. ﬂ .~y n=1.015~1.030

SC solenoid f

/ 43N ..__"Lr C "'-'j_f-
15T [\; X g— 3.5GeV ¢t

Csl(Tl) 16X, ==

TOF counter
8GeV ¢

St R ~ " MTracking +dEldx
g O, . NG small cell + He/C,H,
N

—— = N

. ' - \\ -

\ AL 2 — <
iﬂ!'.' 7 - ~
4'.' 4 N i

e A ¢

A \ \~. ]
L h adl
\

\\\ e 2;\  . \
. tg \ H u/ K, detection
Si;l\;/r..[c)jgtS.D \3[‘" 14/15 lyr. RPC+Fe

Large acceptance, good tracking and particle identification!
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Hadronic Events observed with Belle

=» 1.5 x 10° hadronic events in analysis

E 1y ¢ n
Thrust ~ 1 thrust = =2 ~ 0.5

Z\p,-

. Spin Dependent Fragmentation Functions in Belle 15
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relative events

Measuring Light Quark Fragmentation
Functions on the Y(4S) Resonance

25

2
10" =
_ aeee, A
e*e>qqQ, geuds | .* - 3
. o " 4s
- 1\ 15} J
- pAhA ° "Off"
10 " = .‘.** * % 10} l 1
s ,A" e+e'906 sl j\ l ]
. o YR Lol
o‘ii‘:o.o:ooo n = o
w® BB INCRS %O-oo . Y(1S) _ Y@2S) Y(3S). Y(4$)
00. A o 9.44 9.46 10.0010.02 10.34 10.37 10.54 10.58 10.62
N 90 + -
0 p0 o 5 e*e  Center-of-Mass Energy (GeV)
B B o A '000 A
8 ¢ i N
K z * small B contribution (<2%) in high thrust sample.
4 L S | 2 : . .
Yoos 0.8 10 * keep >75% of cross-section continuum under
— Y (4S) resonance
E p;n > 73 b off-resonance data in analysis
thrust = —q—— & 588 fb! on-resonance data for IFF
Z Pi and slightly less for Collins analysis.

* charm contribution sizeable!
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Measurement of Collins Asymmetries

For Belle results see:

Phys.Rev.Lett.96:232002,2006 (on-resonance)
Phys.Rev.D78:032011,2008 (on+off-resonance)

Theoretical aspects of the measurement :

Angular dependences in inclusive two-hadron production
at BELLE. Daniel Boer, Nucl.Phys.B806:23-67,20009.




> Collins Fragmentation: Angles and Cross
Section: Thrust Method (e+e- CMS frame)

Observable: yield,
N (9, +¢,) of T pairs

Ph | ¢4
O P2

2-hadron inclusive transverse momentum dependent cross section:

dc(e*e‘ — hlth) _

dezldzzdqu e B(Y)COS ((Pl + @, f_[l](zl )ﬁll[l](zz)

B(y) = y(1 - y)= sin* @
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(.(B Complication: Radiative Contribution
BELLE to the Di-Hadron Cross Section

2

qu-l-TQ% sin” 6 018(2% )D, (Zl )51 (Zz )

dN
dQdz,dz,dQ,

o ...as before...+E

same cos(2dP,)
dependence as
Collins effect ...

e+
Frame:

22 Z1 p1=_p2
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Examples of Fits to
Azimuthal Asymmetries

.2 F
R12 : 2a,,

0.8
8997 / 6
0.8710E-01 0.3651E-02
0.5 0.9999 0.2580E-02
<
i )/I<N4,>

0.2 |-

2(I)0 -3 -2 -1 0 1 2(q)1+(|)2)

R, o« — e b +a, cos(2¢,)
(N,) aDlDl
a, and a,, contain Collins
D,: spin averaged fragmentation function, + radiative effects
H,: Collins fragmentation function + acceptance effects
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D Method to Eliminate Gluon Contributions:
Double Ratios for Unlike- and Like Sign Pions

(I) radiative effects are

Form double ratios for unlike and like-sign pion pairs: charge independent
ULk and cancel.
R=_uv (¢1 +¢2) 12(¢1 +¢2
- R Like=sign - (Il) Acceptance effects
cancel.
1 UL/L .......................
~1+ ZCOS(% + ¢2)A (2,,2,) (Il) RU and Rt depend
.............. l depend on HA and
Hdis differently.
JULIL .y sin?¢ [ HI"HI™ ¢ HiHES | S A, retains sensitivity
fi2 ALE2) = 1 + cos=2 6 [) a1 [)““ + [) [) for the Collins effect!

Cross checked against
subtraction RUL-RE with
iIdentical results.

H{"H3" + H{"H;"
[){\’“‘[)_"_){"“ + ‘[)t'lll.".\‘[);{"fzz'
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Consistency Checks for Double Ratio

(0) Check that Monte Carlo Double asymmetries are 0.

(1) Calibrate with “known” physics asymmetry:
Weak decays produce azimuthal asymmetries. Showed that
double ratio method give correct asymmetry for tau-sample.

(2) Comparison of Double Ratio with Subtraction Method leads to

identical results. L
sin” 6

- (1+cos” 0)

(4) Smaller asymmetry for lower thrust sample

(3) Observe polar angle dependence 4,

(5) Null tests:

(a) mixed events give 0 asymmetry
(b) single side asymmetries average to 0

Spin Dependent Fragmentation Functions in Belle 22
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0.06
f

0.04

0.02

-0.02
~0.06

0.04

0.02

-0.02

Collins Asymmetries:
sin? 6/(1+cos? 0) Binning (UL)

cos(24,) method
PRELIMINAR "
i | + fr ,.' + g ‘
e — |
L pe————————|
| 1 l | |
cos({, +4,) method |
- thrustz ‘r+ n
" ?
0, r & 4 # # + g
................... 0 A
] \ : I | |
0 0.2 04 0.6 0.8

sinQG/(1 +Cc0s“0)

Nonzero quark
polarization ~ sin?6
Unpolarized de-
nominator ~ 1+cos? 6

Clear linear behavior
seen when using either
thrustz or 2" hadron as
polar angle

Better agreement for
thrust axis (~approximate
quark axis)

0 —
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Collins Asymmetries :

4x4 z,, z, binning

A, (cos(2¢,)) moments

A, (cos(¢, + d,)) moments

] o~ -
.25 - 02203 =~ 03<z,<05 <0.25 - 0203 =~ 03<z,<05
<p.25 z ! 0.25 z, .
ol - PRELIMINARY sl § - PRELIMINARY
0.15 - 0.15 | L
03 F - 0.1 F L
0.05 " . 0.05 |- : = = g :
A ’

0 H8:---- Wi " ......... i £ e . . o i 0 | S..... : T L AT, A FTEE £ . B B
-0.05 - I L 1 C ! . | -0.05 L L I 1
e o
<p.25 0.5<2,<0.7 ~ 0.7<z<1 <0.25 - o05z<07 T 0.7<z<1

0.2 | 0.2 L
0.15 - - » 0.15 - - s
0.1 i 0.1 X :
i : .
005 - A & = d . 0.05 - -, A ¥
A a . a o [ * s = . o a

Ry R S, O, | 15, S <o —— R R S | . S, . —
-0.05 - | S | R et Fae—i -0.05 - s L C y | 1

0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.2 0.4 0.6 0.8

L Z Z;
[ J

547 fb-1 charm corrected data sample,
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Measurement of IFF Asymmetries

Results first shown at the Spin Workshop in Dubna
in Anselm Vossen’s talk

For theoretical aspects of the measurement :

X. Artru and J. C. Collins , Z. Phys C69, 1996.
D. Boer, R. Jakob, M. Radici, Phys. Rev. D67, 2003.




IFF: Angles and Cross Section:
Thrust Method (e+e- CMS frame)

e'e™ P (T )jery (W )jeroX

Find pion pairs in opposite
hemispheres

Measure azimuthal
correlations of

ﬁ;P—Phhz
R;P_Phb

and

4

Nizggzy () (0 Jeos( )

Amplitude of modulation directly measures IFF! (squared)
E Here: z,, z, relative momenta of first and second pair

Spin Dependent Fragmentation Functions in Belle
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</t Cuts and Binning

BELLE

« Similar to Collins analysis, full off-resonance and on-
resonance data: ~73 fb-! (off) + 588 fb-! (on).

* Visible energy >7GeV.
 PID: purities in pion/pion sample > 90% .
« Same hemisphere cut within pair (t*m),
opposite hemisphere between pairs.
* All 4 hadrons in barrel region: -0.6 < cos (0) <0.9
* Thrust axis in central area: IT,] <0.75
 Thrust >0.8
z ..>0.1

* Z,=Zp+ +Zp+ and z, in 9x9 bins

o Z1T-’

* m__, and m__, in 8x8 bins: [0.25 - 2.0] GeV
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Asymmetry Extraction

T T invariant mass * Form normalized yields:
distribution

150 N +
R()az"': 12](2])\]

100 < 12>

50 e Fit with:

%

N(o +0 J<N >

Amplitude a,, directly
measures |IFF squared!

Em Spin Dependent Fragmentation Functions in Belle 28
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=4 Zero Tests:
<> (1) IFF not Included in MC!

%2 I ndf 255219
- 0.02¢ Prob ‘ 0.002446
- Small false asymmetry  ©0.015F e
due to acceptance effect ! 0.01F
0.0055 |
« Appearing at boundary O = L, A
0.0058 ¢ ° ., o+ T
of acceptance. 0015
0 0'155_ i ’ No opening cut
« Jetopeningcutin CMS ™7 TE Opening cut>0.7
-0.02F Opening cut >0.8
of 0.8 (~37 degrees) -0.025E
= |

> reduces acceptance  -0.03"4 376405 06 0.7 0.8 09 1
effect to less than 0.001. Sin/ENRS )+
« Cut sin/{NDésI3:5
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Thrust Axis from Event n or n-1

Zero Tests (l) : False
Asymmetries ~ 0 in Mixed Events

«0.06F « 0.06F « 0.06F
© 0.04F © 0.04F ® 0.04F
0.02F 0.02F 0.02E
Yy - Y- W S a4 0E 3 - w
0.02F 0.02F 0.02F
0.04F 0.04F 0.04F
0.06F —020<2,<100,020<z  -0.06F 0.06F
0.08F 20.08F 0.08F
04F  025<m, <040 (o0 o 400 0204 01 0.40<m, <050 01 050<m, <062
0.12F T T 0.12F 0.12F
'0-14:_...I...l...l...l...l...l...l. '0'14:_. | 1 PRI | L PRI ‘014:_.. | 1 P L L P |
04 06 038 1T 12 14 16 04 06 038 1 12 14 16 04 06 038 1 12 14 16
m1 ﬂ'l1 ll'l1
«0.06F « 0.06F « 0.06F
< 0.04F < 0.04F < 0.04F
0.02F 0.02E 0.02F
Wy v WY V-V wVrw %
0.02F 0.02 0.02
0.04F 0.04F 0.04F
-0.06F -0.06F -0.06F
0.08F 20.08F 0.08F
04 062<m,<0.77 04 0.77<m,<0.90 04 090<m,<1.10
0.12F 012F 0.12F
'0'14:_ 1 1 1 1 1 1 1 '0'14:_ 1 1 1 1 1 1 1 -0-14:_ 1 1 1 1 1 1 1
04 06 08 1 12 14 16 04 06 08 1 12 14 16 04 06 08 1 12 14 16
m, m, m,
¥ i mat 7.708e+08 /83
Prob °
“: 882 E_ “-e-' gggi_ © 0.02 po £.00283 £ 2.9410-07
0.02F =
Iy —W ¥ 3
0.02F =
0.04F 3
0.06F 06E
0.08F 08F
0.1 1.10<m, <150 01 150<m,<2.00 l
0.12F ) 0.12F )
'0'14 :'_n FUNE TN NN TN TN T NN TN TN TN NN TN TN N N T T O N TN T WO N SO SO W 1 '0'1 -"_n YT TN NN N TN W NN T T TN N TN TN T NN T TN W N TN TN WO Y TN SO W Y
04 06 08 1 12 14 16 04 06 038 1 12 14 16
my m, z,,-bin
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Impact of Smearing in Thrust Axis:
Weighted MC Studies

0.16F

+ Inject asymmetries in | Smearing
Monte Carlo ! In azimuthal
: o1 angle of thrust
. Reconstr_uctlon smears axis in CMS
thrust axis,
« ~94% of input asymmetry ;
IS reconstructed

 Effect is understood, can
be reproduced in Toy MC

« Asymmetries corrected

—TBlack: input
Purple: recon.
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W= IFF-a,,vs Invariant Mass

BELLE 8x8 m, m, binning

« g'g; ;: ¥ 020<z<100,020<z «1.00 o g‘g;E: @ g‘g; ;:
02E : . 02k
I e o e e o g
0.02F g I 0.02F *»* ¥y = 0.02F rax m
0.04F p 0.04F p 0.04F ]
0.06F relip. : 0.06F reljp.: Q06F  Py._7.
= Im = Im = PeI y
<0.08F 1 <0.08F 1 .08 1
01 ‘ nNary, ) 01E ) Nary, ) 201 I_.nlnal‘ _
012 0.25 GeVic” < m, < 0.40 Gevic” 012 040 GeVic” < m, < 0.50 GeVic” 012 0.50 GeVic” < m, < 0.62 Gevic”
T 014, 0.14F,
A 0T TSR TR e O SN - B N W B WS WA P I S X N R W S R B
m. [GeV/c’) m, [GeV/c’) m, [GeV/c?)
o 0.04F o 0.04F o 0.04F
0.02F 0.02F ) 0.02F
of o 4 et of—=
002k T V¥ 002F T ing,. 0028 "y Prap:
0.04F * o0 ¥ y Q04 ¥ elim;
Dk *x m ek - Pt Ingr
006t Praj; . 0.06F » v 0.06F -
0.08F Iming,- 0.08F = I 0.08F v v
04E . y 04F ) ) 0.4F ) _
oy 012 062 GeVic” < m, < 0.77 GeVic 012 077 GeVic” < m, < 0.90 Gevlc” 012  0.90 GeVic" < m, < 1.10 GeVic”
Po'1‘:-111lllAlllllllllllllll‘llllll‘l 0'1‘::_llllnlllllllllllll‘llllllllllll 4'1‘:—Alllllllllllllll‘lllllllllllllA
(C 03 640668 1T 17 T4 T s 02 04 08 08 T i TaTTe s 020406 08 1 42 Ta T is
m, [GeVic®) m, [GeVic?) m, [GeVic®)
o 0.04F o 0.04F
0.02F 0.02F .
o 5 oF Systematic errors shown.
0.02F T My re] ©0.02F . .
3 Imij 3
a04E Mingry, | 2% a,, increases with m, and m,
0.08F LN .08
o1 o1E reaches |a,, | ~ 0.1 at large m..
Q12 110 GeVic” < m, < 1.50 Gevic” 0.12F
4'1‘ :-A Al s ol s s a2 s s a d o a2l s 2 L 44 0'1‘ :-
02 04 06 08 1 12 TaTe ds 0. 8

m, [GeV/c®)

E m, [GeV/c?] >
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IFF_ a12 VS Palr 9x9 z, z, binning

/O
= Momentum Fraction z

o 0.04F o _ N o 0.04F o 0.04F
0.02F k 4 0.25 GeVic" « m, =« 2.00 GaVic®, 0 3E 0.02F 0.02F
oF oF oF
0.02 __'"‘_"_'-_- 2.02 -__"'—"l-—'--._ .02 ?"-'-de-‘—h
0.04F . Q.04F v Q.04F v
0.06F Pl"ehml- 0.06F Pl’e]jmi 0.06F eI
0.08F nary, 20.08F nary, 20.08F Imjp
04 04 04 ary
0412F 020<z, <028 Q12F 028<z, <035 Q0128 055<z, <042
01‘§-|In.lll...ll....ll.lnl.llnl..lnln..nlnn 4'1‘2-1llllnl.llll..lnln...lnnn.Innnnl.nnnl.n .0'1‘2-111 al e aa da s a3l a3 a3 ls s
A 02 0.3 04 05 06 07 08 09 02 0.3 04 05 06 07 08 09 (% B XS VX X K- B
z! zl zl
o 0.04F o 0.04F o 0.04F
0.02F 0.02F 0.02F
E oF oF
o.ozf-"""‘;'-h;-.___ o.ozf—_"""!-‘ 0020 WISy
0.04F ral:.. . 0.04F 0.04F
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<o Systematic Errors

BELLE

 Dominant:
— MC asymmetries + its statistical error ( ~% level)

« Smaller contributions:
— Mixed event asymmetries: ~ 0.001
— Higher moments: < 0.001
— AXis smearing
— Tau contribution
— Charm contributions

* Possible effects from gluon radiation
not included in systematic error.
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IFF vs Collins Asymmetries in e+e-

BELLE

* a,, asymmetries directly measure IFF squared.

* |FF asymmetries provide analyzing power for
quark spin without transverse momentum dependence.

« Double ratio approach to cancel contributions from
radiative effects from Collins analysis not needed!
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Subprocess Contributions:
uds, charm, tau, Bs

 H 9x9 z, z, binning

tau contribution

(only significant at
high z)

Backgrounds
Backgrounds
Backgrounds

Neutral B (<2%)
charm( 20-60%,
mostly at lower z)
uds

Backgrounds
Backgrounds
Backgrounds

Data not corrected for
Charm contributions
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Subprocess Contributions:
uds, charm, tau, Bs

8x8 m; m, binning

Neutral B (<2%)

charm( 20-60%, mostly
at highest masses)

uds

Backgrounds
Backgrounds

Backgrounds
Backgrounds

Data not corrected for
Charm contributions

8 1 12141618 2
m‘
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BELLE Model Calculations for IFF
Bacchetta, ChaceqpisA riAkieieecRagicia Phys. Rex. OTPQ$4029,2009.
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m, [GeVic] m[Gevic) 02 03 040506070809 1 70203040506 07 08 0. .
0.04¢ ~0.04¢ ~0.04¢ «~0.04F
© E ~ F © E [ 2 o E
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: : 0.02F W 0.02F
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Experimental results might contain effects from gluon radlatlon
not contained in the model

Mass dependence : magnitude at low masses comparable, high masses
significantly larger (some contribution possibly from charm )

Z dependence : Rising behavior steeper in data "
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a3 Measurements of Quark Transversity

BELLE :
1991 2005 i Underway

E Future
p+p : | RHIC
03 1991 STAR, PHENIX, Collins asym.
Large forward SSA EOR&I-‘I"“Z,IOS 65 RHIC
) : | IFF asym. : | JParc, RHIC, FAIR
Inclusive A, : | Drell-Yan
HERMES 2005, | :
: | p target : | 3He and 12 GeV
Ay E
] BELLE 2006 | | BELLE | [ BELLE
e'+e Collins FF : | IFF : | k;dep. Pol. & upol

FF, pol. Lambda FF
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First Example from RHIC
IFF in PHENIX ®uizne vang. uc)

= 0.08
£ - B
< [ PHENIX Preliminary —®— h'n®
0.06— - O
—  p+p 2006+2008 \5=200 GeV n"h
- —=— h'h’
0.04 —
0.02[— + . #
0 :_ ......... +[:| ............................ ﬁj ............................. ‘j ............................... *] ........................................................... * ...............
-0.02|—
— TN " h
- PH ENIX % hh
-0.04|—
— (Scale uncertainty 10% not included) p, > 1GeVic, |n| <0.35
B 1 1 I 1 1 1 ] 1 1 1 I L 1 1 I L 1 L I L 1 L I L 1 L I L 1
-0.06 0.4 0.6 0.8 1 1.2 14 1.6

m,, (GeV/c?)
As expected:No significant

asymmetries seen at central- Need more statistics
rapidity.

1]

Extend measurement in forward direction!
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Summary

* Results on Collins asymmetries in e+e-

have been

finalized and published.

 First measurement of Interference
Fragmentation Function!

« Studies of systematic effects to be finalized.

* Future goa
*e- data wit
quark distri

. Combined analysis of SIDIS, pp, e
n the goal to extract transversity

butions.
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¥=1 [Future Plans

. Carry out IFF asymmetries for other species:
(9, 11°), (K*,KY), (11%,KY), ...

* Precision measurement of spin averaged FF
for single inclusive hadrons (and for pairs!) as

input to RHIC spin and SIDIS programs.

* Transverse momentum dependence of spin
averaged FFs.

* Other spin dependent FFs: p, A

||
.m Spin Dependent Fragmentation Functions in Belle



