Light quark and spin dependent
fragmentation function
measurements at Belle

Fragmentation workshop,
Trento, February 26, 2008

Outline:
*The Belle detector
sunpolarized fragmentation function measurements

*Understanding th%ygg&%técgqu%rﬁgﬁisn measurements at high z
*Expected precisionynijyersity of Illinois)
*The Collins function megsifgaetsniversity of Illinois)
*Access to transveitypgear& oBiNG fRBRE@Ntation function
«Collins function measiReBerdt RBRID

Interference fragmentation function measurements
representing the Belle collaboration
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* Asymmetric collider
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Belle Detector

Good tracking e
particle identification! I

g(K)~85%, _ i /'K, detection

e(m2>K)<10% S vix. det. 14/15 lyr. RPC+Fe

3/4 lyr. DSSD



and anti-quark side

. €[ Dy(z)+Djlz)] 1
LO F*z,s5)=-12 NLO Fh(z,a')=zilI?Ct(s,'z'ax}ﬂz(z]

Z :
q
q
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+ Momentum scale and
smearing — understood mn K p u e
 Particle identification: &
create PID efficiency = g "
matrix for K,,p,e,1L 3 8 P
>Unfolding N
— Use D'>nD%>nrK for K,xt
identification
— Use A =>nP for P,n
identification

« Acceptance correction
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o Statistics limited at

low-Q2 and high-z
- important for
evolution

- Favored/Disfavored 27
disentangling by ‘

detecting hadron
pairs (as in Collins
analysis)?

« Also plans to
measure 1 and vy

Fragmentation workshop, Trento, February 26t
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ete- CMS frame:

Near-side Hemisphere:
with z,

Spin averaged cross section:

dO'(e+e‘ — hhX ) 302 Jet axis: Thrust

i — Q2 A(y)zele(Zl)El(ZZ
kbt a,a

2

(cm)
A(y)=(l—y+y2j — i(l+€0§2 @)
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ete- CMS frame:

2-hadron inclusive t m dependent cross section:

do(e*e™ — h;h,X)

dQdz dz dqu = B(Y) Co‘y(¢l + @, )Hll[l](zl)ﬁll[l](zz)
14z,

cm |

B(y)=y(l-y)= 1 s’ ©
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ete- CMS frame:

over

2-hadron inclusive tr

sIndependent of thrust-axis

«Convolution integral I

involved

transverse momenta

rse momentum dependent cross section:

B(@)Z%siﬁ Q)

dole’e” = hh,X) o Hi H;
=...B(®)cos(2¢, )1| 2h -k h-p; -k, -
e (©)cos(20,)1 (20 -k, pr —Ky -py HMIMZ
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« Off-resonance data * Hemisphere cut
— 60 MeV below Y(4S) resonance (P,,-n)n-(P,,-n)n<0
_ 291 fo! .+ Q,<35GeV

» Acceptance cut o
— -0.6 <cos6,;<0.9
 Event selection: 0.3
— Ntrack > 3 0.2 -~ _
— Thrust > 0.8 02 03 05 07 10
> 2.50.2 = Diagonal bins Z1
B L
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« Cosine
1 .
» modulations
0.8
_ f:l n:e s;n;E.o? ¢ 0.3651E-02 y CI e a rI y
0.6 :_ P2 l 0.99399 - 0.2580E-02
04 |
0.2 [ 02 -
2 -3 2 -1 ;| 2 + .
% (9:+02) ‘51 Collins
Dy 2 bH1Hy + ¢l Dy ;
) - RS AN (TR cos{2¢) function
Ng all)yh
D, : spin averaged fragmentation function, No change in cosine moments when

H,: Collins fragmentation function

including sine and higher harmonics
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2 methods give very small
difference in the result

v

P — 0 ) —Unf v —Unf wr ke
sin’(9) |2, H™ - H " +H" -H") ¥ &M H " +H" H")

A=F =cos(2 _— m m Y
s @| 3 f 0 B0 D) 3 S D 107 D)
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<=0-25 F w— )
02 [ med « Asymmetries do cancel out for MC
0.15 |  Double ratios of n*n*/mm

01 | compatible with zero

0.05 - i I i

o?uuh’.l*t&

_O-DS:I...I...I. I
0 2 4 6

combined z-bin
«0.25 -
" - cos(dyw4,) method a7 2000340 0013
0.2 E * a,=0.000+0.0013
0.5 | a,,=0000+0 0013
01 F
r i
0.05 |
0 —h - - ’ LR R # # o 0.15 ; : = Data
005 B4+ 00 'ﬁ 0.1 cos(2¢,) method iy
0 2 4 6 8 o :
combined z-bin ‘g 0.05 [ A
. . : |
euds MC (U/L double ratios) e DpSesgey S $
. -0.05
*uds MC (U/C double ratios) o4 £| Data (T )
«U : Unlike sign pion pairs _0-1'5 T
«L : Like sign pion pairs 0 2 4 6 8
«C : all charged pion pairs combined z-bin 6
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 More than 540 fb-1 of
on_resonance data

Y(1S) Y(2S) Y(3S) . Y(4S)

p rod u Cti O n 3.44 9.46 10.0010.02  10.34 10.37 10.54 10.58 10I.62
ete Center-of-Mass Energy (GeV)
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*Charm-tagged Data sample (used
for charm correction) also increases

with statistics

sLargest systematic errors reduce with

more statistics
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» Tau contribution S oooe |
E 0.007 |
E 0.006 |
. o  0.005
« MC double ratios 2 5.004
« Charged ratios (n*n* /7w ) e
1 1 1 0.001
D
0 1 2 3 4 5 B 7 8 9
@ 0.009 ; combined z-bin
sreweighted MC-asymmetries: § oo |
—>C0s(0,+¢,) asymmetries £ o008 —
underestimated due to thrust axis % ooes |
reconstruction 3333
—>rescaled with 1.21 0.001
«Correlation studies: .. =
—>statistical error rescaled by1.02 (UL) « @ % 8 ¥ OE B 3 8 B
and 0.55 (UC) combined z-bin
*Beam polarization studies
—>consistent with zero
*Correction for charm events

®
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. . < cos(2,) method i Final results ' :
- Slgnlflcant non-zZero 0.2 - iPreIiminary resulté; E
asymmetries E : s
« Rising behavior vs. z =T

A'12

0.2 - : ‘

irst direct measurements ™' 4y +
of the Collins function oLb & & KP4 * aid i T
Integrated results (constant fit): L i T L L
0 2 4 6 8
Ao(UL) (38.06 = 0.57 + 0.55)% 2,,2.-bin-id
Arz(UL) (4.26 + 0.68 + 0.68)%| T N N N N N N N I
AO(UC) (1270 i 0489 i )% 0.2 03 05 07 103 05 07 105 07 107 10
Z | I | | |

A15(UC) (1.752 £ 0.592 + )% - - - m—
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» Significance largely
Increased

of the Collins function

Integrated results(constant fit):

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

Al12

0.2

0.1

0.2

0.1

cos(24,) method ' ' '
i iPRELII\/IINfARY
s s L4
L P E
A .
B gy nle 8%
1 1 | i L
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P4
B A A :
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T TSNS, TR Y Wy R N K S
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R P * Nonzero quark
0.04 |- PRELIMINARY polarizaftion ~ sinZ 0
0.02 - ! ++++F#++§#*¢ * Unpolarized de-
o Lo s
= - =]
-0.02 + T
‘:!D.DB l l 1 l l
- o cos({, +¢,) method
0.04 + thrustz }+*
002 - % #H- " t thrust axis
5 _F ________ ﬁ __________________________________ (~approximate quark
R | | . | . | * UC plots similar
D 0.2 04 0.6 028 ‘;
sin“6/(1+cos”0)
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SIDIS experiments (HERMES and
COMPASS, eRHIC) measure 6q(x) together

with either Collins Fragmentation function 7 ;- (z )
or Interference Fragmentation function

RHIC measures the same combinations of
qguark Distribution (DF) and Fragmentation
Functions (FF) plus unpolarized DF q(x)

Fragmentation workshop, Trento, February 26th R.Seidl: Light quark and spin dedpentent fragmentation function measurements at Belle 20 ®
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HERMES 2002-2004 p data:
PRL 94, 012002 (2005)
2005 data not yet included in fit

GaV)
=evy

1 1 1
10° 16" i 0.26 0.5
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1
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COMPASS 2002-2004 d data:

PRL 94, 202002 (2005) and

2005 and identified hadron data

not yet included in fit:
Nucl.Phys.B765:31-70,2007
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03<2,<05

02 04 06 08
Z

Anselmino et al: Phys.

02 04 06 08

2 Z,
Rev.D75:054032,2007,
data: RS et al.(Belle collaboration), PRL 96, 232002 (2006)

- 0203 03<z,<05
0.2
015 PRELIMINARY
0.1
0.05 - " . s
0 L...... A M A ... o .m .
-D'DS-uuulull11.|._|..I...{.|.|.
0.25 - 05207 T 07z
B2 r N
0.15 5 ) 4
01 TS
B " " .
e R L L L
-D‘Ds__...l.‘.l...l.__...I...\...I.
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) Z
+ inclusion of Y(4S) data:

> >540 b1 (not yet
included in global fit)
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X k| (GeV)

Anselmino et al: Phys.Rev.D75:054032,2007

1

HERMES AUT
p data

COMPASS

= First
extraction of

transversity

(up to a sign)
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© e’ (M) (TTT7)jepX
« Stay in the mass region around r-mass
* Find pion pairs in opposite

» Theoretical guidance by papers of
Boer,Jakob,Radici[PRD 67,(2003)]
and Artru,Collins[ZPhysC69(1996)]

« Early work by Collins, Heppelmann, Model predictions by:

Ladinsky [NPB420(1994)] «Jaffe et al. [PRL 80,(1998)]

A = HZ(z,, m JA(z,,m,)cos(p, + ¢,) °Radici etal. [PRD 65,(2002)]

Fragmentation workshop, Trento, February 26t R.Seidl: Light quark and spin dedpentent fragmentation function measurements at Belle 24 ®
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« Similar to previous method
 Observe angles +

A o H{ (z,,m, JH{ (z,,m,) o5 (@ + Po)

Fragmentation workshop, Trento, February 26t R.Seidl: Light quark and spin dedpentent fragmentation function measurements at Belle 25 6
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«Ja « Radici et al. [Phys. Rev.

Let| D65 (2002)] : Spectator o, NS (M) HERMES — SISl )
ma| model in the s-p channel -
phg =no sign change 006 -
chg observed (updated model o0
ori has Breit-Wigner like 001 |
on asymmetry) 003
0.02 f
-Ta 001 —
RH 0}
_0010:2 1 07 0.6 19 /
f;, h, from 1, h;=g, from
Spectator GRV98 &
model GRSV96
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Continue to measure precise spin
dependent fragmentation functions
at Belle

— KT dependence of Collins function

— Favored/disfavored disentanglement

— Interference Fragmentation function

measurements (started)

Measure precise unpolarized
fragmentation functions of many
final states

-  Important input for general
QCD physics and helicity structure
measurements

Measure other interesting QCD-
related quantities at Belle:
— Chiral-odd A-fragmentation function
— Event shapes
— R-ratio with ISR

Fragmentation workshop, Trento, February 26t
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ete- CMS frame:

sIndependent of thrust-axis

«Convolution integral I
over transverse momenta
involved

2-hadron inclusive tr rse momentum dependent cross section:

dolee — hh,X) s HH*
=...B(O® 20. )1l \2h-k.h-p..—k..-
e (©)cos(2¢,)1 (20 -kyh-py —k; - py HMIMZ

cm

B(©)= Zsin2 ©)

Fragmentation workshop, Trento, February 26t 29 R.S?i ®
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« Similar to previous method
« Observe angles ¢,-+¢,5
between the event-plane (beam,

A o H{ (z,,m, JH{ (z,,m,) o5 (@ + Po)

Fragmentation workshop, Trento, February 26t 30 R.S?i 6
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 Off-resonance data

— 60 MeV below Y(4S)
resonance

- 29.1 fb"

547 fb
 Track selection:
— pT >0.1GeV

— vertex cut:
dr<2cm, |dz|<4cm

* Acceptance cut

— -0.6 <cosB,<0.9
 Event selection:

— Ntrack > 3

— Thrust>0.8

- Z,,2,>0.2

- Later also on-resonance data:

* Hemisphere cut

(th'ﬁ)ﬁ'(Phl'ﬁ)ﬁ<O

¢« Q;<35GeV

Zy 4

02 03 05 07

= Diagonal bins

1.0

Z4

Fragmentation workshop, Trento, February 26t
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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)
e m*n0 pairs UL
(favored + unfavored) x (favored + unfavored)
» P.Schweitzer([hep-ph/0603054]): charged nrt pairs are similar
(and easier to handle) (C):
(favored + unfavored) x (favored + unfavored)

UcC
=»Build new double ratios: Favored = U%TCtd%TC_,CC.
=>» Unlike-sign/ charged ntrt pairs Unfavored = d->1tH,u>1,cc.

(UC)

(\
I .y
Fragmentation workshop, Trento, February 26t 32 R.S?i \
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Simply modeled the shapes of these predictions in an equidistant

Fragmentation workshop, Trento, February 26t 33



