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: quark momentum
: quark spin
- hadron momentum

- transverse hadron momentum

— 2 E, /s : relative hadron momentum

J.C. Collins, Nucl. Phys. B396, 161(1993)

Collins Effect:
Fragmentation with of
a quark g with spin' s,
into a spinless

hadron h carries an
azimuthal dependence:

X (ngﬁﬂ)'gq
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ete- CMS frame:

e+
2-hadron inclusive fre

dole'e™ — hh,X)

=...B(® Jifas
dezleZquT ( )COS(¢1 + ¢2) 1

cm

B(®)==sin’0
(®) 7Sin
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ete- CMS frame:

sIndependent of thrust-axis

«Convolution integral | over
transverse momenta
involved

2-hadron inclusive transverse momentum dependent cross section:

dole'e” — hh,X)
dQdz,dz,d’q,

cm

B(@)):%sinz(a

~ ~ Hlﬁl
...B(@))cos(Zgoo)l{(zh -Keh-pr —Kq-py )ﬁ}

=2
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Originally off_resonance
data, now also
on_resonance data (29.1 -
547 fb)

Track selection:
— pT >0.1GeV

— vertex cut:
dr<2cm, |dz|<4cm

Acceptance cut

— -0.6 <co0s6,<0.9
Event selection:

— Ntrack > 3

— Thrust > 0.8

- Z,,2,>0.2

Hemisphere cut

(P, -m)n-(Py-n)n <0

Q;< 3.5 GeV
Pion PID selection

1
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N()/N [ : :
o | 0a | Cosine modulations
02 | sl clearly visible
0-3 . . i 3 5 DMJ.;Hl..,,1.,..1....1....|..,Ji
o 5 2 -3 -2 -1 0 1 2
2¢, (¢110,)
N aD1D1 + cos(2¢) (bH1Hy + cD1Dq
(¢) = (_ ) = P2+ P1 cos(2¢)
Ny aD1D1
D, : spin averaged fragmentation function, No change in cosine moments when
H,: Collins fragmentation function including sine and higher harmonics
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BELLE

2 methods give very small
difference in the result

1+ cos” (&) Zq ¢ (D™ D pur .BUnf) quZ(DFav =i .BF‘”)
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Challenge: current double ratios not very sensitive to favored to disfavored
Collins function ratio = Examine other combinations:

* Unlike-sign pion pairs (U):
(favored x favored + unfavored x unfavored)
« Like-sign pion pairs (L):
(favored x unfavored + unfavored x favored)
« 7l pairs
(favored + unfavored) x (favored + unfavored)

« P.Schweitzer([hep-ph/0603054]): ANY charged nw pairs are simijar (gnd
easier to handle) (C):

UL

(favored + unfavored) x (favored + unfavored) uc
=»Build new double ratios: Favored = u=>rnt,d>n,ce.
=>» Unlike-sign/ charged =rt pairs Unfavored =d>r",u>n,ce.
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* small B contribution (<1%) in high thrust sample
«>75% of X-section continuum under

Y (4S) resonance
29 fb-1 =» 547 fb-1
emany systematic errors reduce with more
statistics
» Charm-tagged Data sample also increases
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« Tau contributions .

il A, (cos(2¢,)) moments

0.005

e MC double ratios 0.004

j ChargediEtes (m ) | e
D.001 |
* Higher order terms 0

-0.001 - 2
 Double ratio-subtraction method o 1 2 3 4 5 8 7 8 9

combined z-bin

absolute errors

D.009 |
0.008

0007 A (cos(¢, +,)) moments

‘Reweighting asymmetries: ol

—>underestimation of cos(¢,+¢,) 0.004

asymmetries >rescaled by 1.21 cersstl S .

~Correlation studies: R
D

—>statistical errrors rescaled by 1.02 (UL) | ;.00 |
and 0.55 (UC) o 1 2 3 4 5 8 7 8 9
«Beam polarization studies combined z-bin

—>consistent with zero
*Correction for charm contribution
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 Significant non-zero
asymmetries

* Rising behavior vs. z

 UC asymmetries about 40-
50% of UL asymmetries

* First direct measurements of
the Collins function

 UL/L data published

z-Integrated results:

Ao(UL) (3.06 + 0.57 £ 0.55)%
A1(UL) (4.26 + 0.68 + 0.68)%
Ao(UC) (1.27 £0.49 )%
A,(UC) (1.75+0.59+ )%

A12

0.2

0.1

0.2

0.1

cos(2)y) method  : JL: Final results !

EUC: Preliminary rc:ésults ' i

0.2

03 o7 1.0
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« Significance largely
increased

« Behavior unchanged

 Reduced systematic errors
due to statistics

Precise measurements of the
Collins function

Aﬂ

Integrated results:

Ao(UL) (2.67 + 0.10 + 0.26)%
A1o(UL) (3.55 + 0.08 £ 0.15)%
Aoy(UC) (1.11 £+ 0.11 £ )%
A1,(UC) (1.46 = 0.09 + )%

0.2
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0.2

0.1

cos(2},) method
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A, (cos(2¢,)) moments A, (cos(¢, +d,)) moments

. = :
£0.25 - 0.2<z,<03 ~ 0.3<z,<05 <0.25 - o02z<03 =~ 0.3<z<05
0.2 T - PRELIMINAR 0.2 T - PRELIMINAR
0.15 » 0.15 L
Y Y
0.1 - B T i
0.05 & P A 0.05 -~ & A - ” A &

o Bl i . T A N . b I . o 1.
-0.05 - | I [ I T | | I [ | L 1
<, P

0.25 - o057 0.7<z<1 <0.25 - o05z07 T 07<z<1

0.2 - B 0.2 L

0.15 | - 4 0.15 - +

0.1 i 4 - , 0.1 i i i - :

0.05 - = - A s 0.05 -~ & ¥ T "
4 C I .. LY I : B e

[0 T L P T T becssssssssssnsnnssssssnnsnnansssnsnnns D R — bessssssssssssnsssnnssssssnsnsnnsnans
2SN T T N T T

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

z, z, z, z,

« 547 fb-1 charm corrected data sample,

e UL and UC double ratios
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0.06
<
0.04

0.02

cos(2¢,) method

PRELIMINARY

-

MRS b

 Nonzero quark
polarization ~ sin?0
Unpolarized de-

etter agreement for
thrust axis (~approximate
quark axis)

« UC plots similar

]
0.4 0.6 028
sin“6/(1+cos“0)

)
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© €' (T'T)jpy (T 7)o X
« Stay in the mass region around p-mass
* Find pion pairs in opposite hemispheres

P~

Y

Model predictions by:

iS)

semi-inclusive DIS and pp)

» Theoretical guidance by papers of
Boer,Jakob,Radici[PRD 67,(2003)] and

Artru,Collins[ZPhysC69(1996)]
« Early work by Collins, Heppelmann, «Jaffe et al. [PRL 80,(1998)]

Ladinsky [NPB420(1994
adinsky [ (1994)] Radici et al. [PRD 65,(2002)]

A o Hf(zy ml)ﬁf(zw mZ)COS ((01 + ¢2)
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studies:
— Smearing
— Tracking efficiency

q
mt

.« AKK: Try flavor "

tagged/enhanced analysis?

e How about 2 hadron
analysis

- favored,disfavored FF

E DIS 2007, April 17t
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« =» Significant nonzero asymmetry with
double ratios are observed

» UL/C about half as large UL/L double
ratios

e Paper with 29 fb-! U/L double ratios
published (PRL96:232002,2006)

Interference fragmentation
function analysis started
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cos(2¢,) method

PRELIMINARY

N I SB B Te
l | ; | I
cos(¢, +4,) method
thrustz
92 ...... r
)&* _________ y *~—ﬂ~ s

------------- R e,
] I [ | I

02 0.4 0.6

: }

sin“6/(1+cos”0)

Nozeron quark
polarization ~ sin? 0
Unpolarized de-

thrust axis (~approximate
quark axis)

Similar behavior, smaller
magnitude as UL
asymmetries
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"?D.DB ~  cos(2},) method

PRELIMINARY  Reduced asymmetries in
0.04 : low thrust sample

» At low thrust significant

ooz | b b LE} |
02 | $ 4t ‘oL .« |* HighQ(>3.5GeV)
- ++“”* ................. asymmetries from beam

: related BG
- * . .
-0.02 . | T— — . |* UC plots similar

0 1 2 3 4 5
Thrust>0.8 Q,/GeV
Thrust<0.8 (not corrected for heavy
E quark contributions) @
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cos(24,) method

PRELIMINARY

0.04
0.02 - AN

-0.02 -

0 1
Thrust>0.8

Thrust<0.8 (not corrected for heavy

Reduced asymmetries in
low thrust sample

At low thrust significant

asymmetries

E quark contributions)
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