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Asymmetric collider
8GeV e + 3.5GeV e*

Vs =10.58GeV (Y(45))
ete>Y(4S)>B B
Continuum production:

Main research at Belle:
CP violation and
determination of Cabbibo

Kobayashi Maskawa
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Aerogel Cherenkov cnt.

SC solenoid n=1.015~1.030

1.5T

TOF counte

8 GeV ’o: \ t Chamber
N small cell +He/C,H,

u /'K, detection

SI vix. det. 14/15 lyr. RPC+Fe
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2 cto- gnnihilation

® Process:

et e>hX

* At leading order
sum of unpolarized
fragmentation
functions from
quark and anti-
aquark side

2. €[ Dy(z)+Dy(z)] L
LO F(z,s5)=-2 NLO Fh{z,a')=2I?Ci(s;z'ax}l’):[z)

2:1
q
q
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Z2 precise FFs
ig”\ﬁ) Most data obtained at LEP

energies,

At lower CMS energies
very little data available

)

3-jet fragmentation to
access gluon FF
theoretically difficult

Gluon fragmentation
from evolution not yet
well constrained

Higher z FFs (>0.7) hardly
available @

f h '
]-'LTM dafdx = civs

x
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DeFlorian, Sassot, Stratmann, PRD hep-ph/0703242
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Differences between different global fits
still large for high-z gluon contributions
and kaons
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® PartiCle identiﬁcation: /J,-‘\.."f:'kel‘ihood—cut\ /E

€e — €e — 7 €e — K € — P\ /J"\-r;'eag\

Create PID efﬁCienCY J,-‘\.."iékehhood—cut €, € L€ €, K € P ,-‘\.."?'eaf
o — e — — T — K — Ny
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® PID responses from MC j\‘r}ékehhood—cut _ EK — e €K -y €K — 7 €K — K €K — P J-"\.T}'?ag
not reliable, use well | itetiiood-cu \p oo oy pon crox pop) \Np)
identified decays from S g
data:
e Use D'2my,, REAL Particles
Do 7 K for K,
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o Use A >np for p,n EE
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=
e J/y 2utu, et e for g &
lf:ptons o E
(if needed also Y(1S)) o}

> Unfolding
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“e+e- annihilation

ete- CMS frame:

Near-side Hemisphere:
h., i=1,N,_ with z,

<N, >=6.4

Spin averaged cross section:

da(e*e‘ E hlhzx) - Jet axis: Thrust

2
a 5 _
— A D D

cm) |

Aly) = (%— y + yzj(z Z(l + cos? 0)

RBRC High Pt, March 17th R.Seidl: fragmentation functions from Belle g @



/O

BELLE
Favored = u—>n*,d=>n,cCcC.

Detect two hadrons

simultaneously Unfavored =d-=>n",u=>n",CcC.

If two hadrons in Problems:

opposite hemispheres » Either need to ensure two-jet

one obtains sensitivity to topology (thrust cut)

favored/disfavored e Or contribution from one

fragmentation: quark fragmentation q>hhX

Unlike-sign pion pairs (U):

(favored x favored + unfavored x unfavored)
Like-sign pion pairs (L):

(favored x unfavored + unfavored x favored)
n*n’ or any charge hadron pairs (C):

(favored + unfavored) x (favored + unfavored)

®
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BELLE Chlral —odd Fragmentatlo'n functions

RHIC and SIDIS experiments measure:
Transversity 6g(x) X
Collins Fragmentation function H ;" (z)

or Interference Fragmentation function (IFF)

*Universality understood
‘Evolution ?

Transversity

=)
Ny
-

Belle measures:
Collins X Collins
or IFF X IFF
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J.C. Collins, Nucl. Phys. B396, 161(1993)

S _
q T h) ph > ¢
@ —= = —
q k Pr.
K : quark momentum Collins Effect:
S : quark spin Fragmentation with of
q * . .
N a quark g with spin s,
P, : hadron momentum into a spinless
P, : transverse hadron momentum hadron h carries an
, —E /E azimuthal dependence:
h = =h q = o -
oc K x -5
=2E, / Vs : relative hadron momentum ( pm) :
oc SIn @
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BELLE Angles and Cross section cos((|>1+(|)2) method

ete- CMS frame:

[D.Boer: PhD thesis(1998)]

e

2-hadron inclusive fre m dependent cross section:

dc(e+e‘ —> hlth) _
dQdz,dz,d’q,

: B(Y) 505(401 + 0, )HIL[I](ZI )ﬁll[l](zz)

B(y)=y(l-y)= i si71° ©
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e*e” 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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* First direct measurement of the o '+ Cl
[/ T S S . S L -
Collins effect: S S B R
. < cos(y+;) method
(PRL96: 232002) < 0.2 L 02z03 | 03<z<05
015 ‘A -
® Nonzero asymmetries ai [ i
* Belle 547 fb™ data set T T
(PRD78:0320m) e T —
< 0.2 - 05707 0.7<z,<1 +
0.15 ~
0.1 . 2 | . s
005 |-, * =
0 . F—. - R S f ..... |- .. I , .......... - .....
-0.05 = L. . ' | I I i 1
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__First-globa m-Colln:
Hermes, Compass d and BeIIe data

4 ourresult | I
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* First results available, still open
questions from evolution of Collins FF
and transverse momentum

dependence @
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=l 1 rust method

ete = (T )]eu(fﬁn )]et2

Stay in the mass region around p-
mass

Find pion pairs in opposite
hemispheres

Observe angles ¢ +¢, between the
event-plane (beam, jet-axis) and
the two two-pion planes.

Transverse momentum is
integrated

(universal function, evolution easy
- directly applicable to
semi-inclusive DIS and pp)

Theoretical guidance by papers of
Boer,Jakob,Radici[PRD 67 aoo )] -Jaffe et al. [PRL 80,(1998)]

and Artru Coll1ns[ZPhysC69(1996)] -
Early work by Collins, Heppelmann, Radici et al. [PRD 65,(2002)]

Ladinsky NPsz.zo4(6994)]

A o H (z,,m, JH; (z,,m, ) cos(p, + ¢,) :
1’ 2>772 ¢1 ¢2 Pt, March
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¢ Build normalized yields:

N +4,)
(N)

» Fit with:

Amplitude a,, directly

measures ( IFF ) x ( -IFF)

(no double ratios)
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;[‘:zl.-' nd.f. — 255219
Prob 0.002446
mgn U{'}'?: g_ p0 0.0003519 + 0.0002305
0.01-
0.0055 ]
0; S ODG'—‘ ----- C'L_l ________ Ur_l ..... - .Ij;n,..;a._;ﬁﬂ
-0.0055 Ples ot T
-0.01- Y
-0.015 ;— ! No opening cut
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= Opening cut >0.8
-0.0255
_0035...||..||.|..|....||..||..|.||..||.|..|..
. 03 04 05 06 07 08 09 1
sin(acos(i,))%/(1+0.)
* A small asymmetry seen due to acceptance effect P,

* Mostly appearing at boundary of acceptance

* Opening cut in CMS of 0.8 (~37 degrees) reduces
acceptance effect to the sub-per-mille level
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* Inject asymmetries in o4t
Monte Carlo

* Reconstruction smears
thrust axis,

0.12f
0.1f
0.081

0.06[

* ~94% of input asymmetry ool
is reconstructed 002) ,/AH\‘

* (Integrated over thrust R BN Ha R

axis: 98%)

* Effect is understood, can
be reproduced in Toy MC

* Asymmetries corrected
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BELLE

Similar to Collins analysis, full off-resonance and on-resonance

data
(7-55): ~73 fb™ + 588 fb
Visible energy >7GeV

PID: Purities in Pion/Pion Sample > 90%

Same Hemisphere cut within pair (7*n-), opposite hemisphere
between pairs

All 4 hadrons in barrel region: -0.6 < cos (0) <0.9
Thrust axis in central area: abs(thrustz)<o.75
Thrust > 0.8
Zhadi,had2~0-1
Z,= Zp.atZnad, aNd Z, in 9xg bins
and m__, in 8x8 bins: [0.25 - z.o;le GeV ) @

m I
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4 Vodel predictiot

Bacchetta,Checcopieri, Mukherjee, Radici : Phys.Rev.D79:034029,2009.

Invariant mass, dependence z, dependence for
for increasing z, increasing z,
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Mass dependence : Magnitude at low masses comparable, high masses
significantly larger (some contribution possibly from charm )

Z dependence : Rising behavior steeper

However: Theory contains parameters based on HERMES data which

already fail to explain COMPASS well
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" Summary and outlook

BELLE
First direct measurement of the Analysis progressing;
interference fragmentation function . ;
e Large asymmetries seen, rising with + PID studies finished

z anc} Invariant mass Acceptance correction
e No sign change at p mass

S N dealslle mearties mhalke Continue to measure precise spin
interpretation simple dependent fragmentation functions
at Belle
e kT dependence of Collins function

Significant, nonzero Collins :
e Artru model test with Vector meson

asymmetries, long paper

} Collins
published Measure other interesting QCD-
Data used already in Global related quantities at Belle:
analysis e  Chiral-odd A-fragmentation function

* A single spin asymmetry
e Event shapes

Measure precise unpolarized
P P R-ratio with ISR

fragmentation functions of many
final states

—> Important input for general QCD
physics and helicity structure
measurements

°
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