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Why Study Fragmentation Functions?
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* FFs needed for Semi-inclusive measurements
Spin averaged for a,;, x-sections etc

Transverse spin dependent for transverse spin structure

» FFs non-perturbative QCD objects
Confinement
Quarks with QCD vacuum
Compare to Nucleon Structure, study related issues like Evolution
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Where to Study?

3
» e*e” cleanest way to access FFs
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Measurements of Fragmentation Functions in e+e-
at Belle and Babar

 B-Factories: asym. e* (3.5/3.1 GeV) e (8/9 GeV) collider:

-Vs = 10.58 GeV, ete->Y(4S)>B anti-B

-Vs = 10.52 GeV, e+e--> qgbar (u,d,s,c) ‘continuum’
» ideal detector for high precision measurements:

- Azimuthally symmetric acceptance, high res. Tracking, P.

Available data (Belle, Babar similar):

~1.8 *109 events at 10.58 GeV,

~220 *10° events at 10.52 GeV

SVT Measures origin of charged particle trajectories
Instrumerﬂgd Flux Return (IFR) DCH Measures momentum of charged particles
(resistive plate chambers) DIRC Identifies particles by their Cherenkov radiation
EMC Measures energy of electrons and photons
IFR  Identifies muons and neutral hadrons

Superconducting Solenoid
(1.5 Tesla)

Electromagnetic ’ B B
Calorimeter (EMC) 4 , A A RTM
> el Detector

(Csl crystals)

et (3.1 GeV)

Cherenkov radiator (DIRC)—,
(quartz bars) /

Drift Chamber (DCH)— N \
(multiwire gas chamber)

e” (9 GeV)
Silicon Vertex Tracker (SVT)
(silicon module)

1. Silicon Vertex Detector

2. Central Drift Chamber

3. Aerogel Cherenkov Counter
4, Time of Flight Counter

5. Csl Calorimeter
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e Initial State Radiation

» Exclude events where CME/2 PID
changes by more than 0.5% R
» Large at low z, correct based on MC it =, K )
do i 1 : : :
_ { 1 et —1 ,raw
— 6joz’mt(z) EISR/FSR( )Szzm zmpu(zm)P»,;j N7 (Zm)
dz Ltot

» Correct for acceptance,
° TT, 2y,
* decay in flight,

S

< 10%

» Smearing Corrections
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Cross sections
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Some Tension between Belle/BaBar
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see F. Giordano @ DIS 14




There are two methods with two or one soft scale

D. Boer
¢o method: Nucl.Phys.B806:23,2009

¢1+¢2 method:
hadron azimuthal angles with hadron 1 azimuthal angle with
respect to the qq axis proxy respect to hadron 2

Thrust axis
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» False asymmetries due to
Acceptance and QCD radiation
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Double Ratios for /K pairs
(12)
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Significant Charm to contribution to UDS
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Test of Kinematic Dependence
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Di-Hadron Fragmentation




Di-Hadron Asymmetries

» Di-hadron Cross Section from Boer,Jakob,Radici[PRD 67,(2003)]:
Expansion of Fragmentation Matrix A: encoding possible correlations in

fragmentation (k: P,,+P, )
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Di-hadron Cross Section from Boer,Jakob,Radici[PRD
67,(2003)]

» A: Fragmentation Matrix, encodlossible correlations in
fragmentation

o k: Py +P,

pin independent part

dkt A(k; Pu, R)

322 . .
: from Boer,Jakob,Radici[PRD 67,(2003)]
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Cross Section

» A: Fragmentation Matrix, encodi&ossible correlations in

fragmentation : .
5 Correlation of transverse spin with

Di-hadron plane
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Di-hadron Cross Section from Boer,Jakob,Radici| PRD
67,(2003)]

» A: Fragmentation Matrix, encodigossible correlations in
fragmentation Helicity dependent correlation of
Intrinsic transverse momentum with
o ki PPy,

Di-hadron plane
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B elle us eS Pythi a + EV‘t gen multFitOut_Handedness_onlyM_PosNeg_1D_bin0
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(implements decay tables)

After detector asymmetries of
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Robust vs. final state radiation

We use anti-kT algorithm implemented in fastjet

Cone radius R=0.55

Min energy per jet 2.75 GeV—> suppress weak decays

Only allow events with 2 jets passing energy cut (dijet events)

Only particles that form the jet are used in the asymmetry calculation
Thrust cut of 0.8< T< 0.95 7/




Mixed event subtracted flattens acceptance related
false asymmetries

Remaining asymmetries in MC+their stat error used
to estimate systematics

“~ 0.01 Entries 0
S - Mean 0
& 0.008 RMS 0
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Asymmetries for Cos(2(¢p,-d.)) (G,*) small

Work in progress Work in progress
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Asymmetries in Data persists for Cos(¢g,-dr.)

«=F Work in progress Work in progress
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KEKB/Belle

Belle II
26

» Aim: super-high luminosity ~103¢ cm2s* (~40x KEK/Belle)
. ( \Pgrades of Accelerator (Microbeams + Higher Currents) and Detector
t

x,PID, higher rates, modern DAQ)
 Significant US contribution
( \ -
| “‘ ’i‘::d‘ 1

Belle Il

New IR
—

http://belle2.kek.jp
First data in 2016



SuperKEKB luminosity profile
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The Belle Il Detector N

RPC n & K| counter:
Csl(Tl) EM calorimeter: ="~~~ - ___ ram_ ___. scintillator + Si-PM
waveform sampling == : | DI end-caps

electronics,
pure Csl \
for end-caps

4 layers DSSD —
2 layers PXD
(DEPFET) +

4 layers DSSD

e e e e Y &

~of-Flight, Aerogel
srenkov Counter —!
. ime-of-Propagat'ion
@counter (barrel),

¥ proximity focusing Aerogel

RICH (forward) |

Central Drift Chamber:
smaller cell size,
long lever arm

Belle Il Technical Design Report: arXiv:1011.0352




Belle IT Detector (in comparison w1’rh Reﬂ e)
1 | 2 | 3 | 4 | 5 | 8 | 7 | 8 | | 10 1 | 12
A LT LT A
Belle Il SIDE VIEW
Sulber conducting coil | L
B | B
R ee ACSSnnaannE 218 1T TS SSIIS LI Prd |
, N 1 i Batfel PID 9 i
c ) | T “::‘; c
| vi N\ & e § = ég | u
/ g g2\ SVD PXD(2 layers) i i 3
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| —— ;»\»»\\\\\ L :\ (ESI 5//4\244/& PRV YV Y A T HH B
) ' : SVD: 4 DSSD Iyrs —> 2 DEPFET lyrs + 4 DSSD lyrs
- CDC: small cell, long lever arm
., Belle pcc.tor > TOP+A-RICH ,
- ECL: waveform sampling (+pure Csl for end-caps)
T : : : : 7 KLM: RPC - Scintillator +MPPC(end-caps) |




Improve Charm Discrimination with SVD&PXD

| Impact parameter resolution d0 |
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Compare with ~85% efficiency for Belle

|Kaon efficiency, 1-bar] | Pion fake rate, 1-bar |
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SuperKEKB Schedule

_ Commissioningi
wess= Disassemble KEKB/Belle ' without Belle-II
Beam Eiee
Manufacturing L
_ .
Coating and bakin Installation Physics run
A
B = = et E}
tallation A
Installation TG
RF system
Manufacturing and installation Belle-ll
roll-in
Belle-1l detector Installation
Prototype test and detailed designManufacturing Cosmic ray test

Quartz bar production




Outlook

33

» Analysis Underway
Di-Hadron Asymmetries
Neutral Meson Collins Fragmentation Function
Jet-Jet asymmetries from gluon radiation

» Analysis started
Di-Hadron Cross-sections

» Belle II
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For pion-pion couples: |

siIe ] spe s onte e
5D{¢WD£G'U+ 5Dfingis+ opdis  dis
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Unn s 2
D Ler X 1 -+ cos 2¢0 13}205929 (
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For pion-Kaon couples:
%LK‘ sin® 6
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For Kaon-Kaon couples:
UK K in2 0
L x1 +cos2 S ( b : :
D*ex POTreor?s \ DL DL+ 0D DY+ DIl  Dr, o+ DI DL
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23— 1s > K

D] DY+ 4D DL+ 2D DA DI, ( DL+ DI, D

1s—>K 28— 1s—>K " 2s— K

Not so easy! A full phenomenological study needed!




Belle detector today — ready for upgrade




ReSLﬂtS AlZ VS. (ptl,ptg) A- VS. ptO

BABAR
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« nonzero AUVl and AVC

= only modest dependence on (p,,,p;.);
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= A, < A,,, but interesting structure in p,




versus sin’0/(1+cos>6
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