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Why Study Fragmentation Functions?
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» FFs needed for Semi-inclusive measurements (Ingredient

to extract nucleon structure)
Spin averaged for x-sections, long. spin asymmetries etc

Transverse spin dependent for chiral odd PDFs (quark polarimeters)

» FFs non-perturbative QCD objects

Compare to Nucleon Structure, study related issues like Evolution
(CSS soft factor is universal)
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Cannot be computed on the lattice




Where to Study?
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» e*e” cleanest way to access FFs
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Measurements of Fragmentation Functions in e+e-

at Belle

*Asym. e* (3.5/3.1 GeV) e (8/9
GeV) collider:

-Vs = 10.58 GeV, ete-
2>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,
PID
Available data:

~1.8 *109 events at 10.58 GeV,
~220 *10° events at 10.52 GeV
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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 : :
R ? 1 ’L — 1 ',fraw
T EJOZTLt(z) EIS'R/FSR( )SZZm zmpu(zm)Pq:j NJ (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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New DSS(E,H-P) Fit
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» Good agreement, however, there
seems to be a trend away from the
fit for the Belle data at high z

o Babar low z data needs
resummation

* From DSS:

Precise data at high z

Some info from scaling violations
(Belle vs experiments at M)

Some info on flavor due to charge
weighting
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“Collins” Fragmentation Function
Identified Pions and Kaons




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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Double Ratios for /K pairs
(12)
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P, Dependence
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Significant Charm to contribution to UDS
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Test of Evolution from FFs
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Yinghui Guan At Spin 2014

» Statistical uncertainties only.

PRD 88. 034016 (2013)

03 04 05 06 07 z (approximation to CSS,
predictions based on fits to Belle data)




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

Di-hadron plane>Test of TMD framework
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Robust vs. final state radiation

De-correlate axis between hemispheres

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 partlcles that form the jet are used in the asymmetry calculation
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Asymmetries for Cos(2(¢p,-d.)) (G,*) small

Work in progress Work in progress
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KEKB/Belle

Belle II
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» Aim: super-high luminosity ~103¢ cm2s* (~40x KEK/Belle)

. \Pgrades of Accelerator (Microbeams + Higher Currents) and Detector
(Vix,PID, higher rates, modern DAQ)

» Significant US/European contribution (e.g. LNF Frascati)

Belle Il

New IR
; —

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



SuperKEKB luminosity profile
50 ab™ over ~7 years

70 We are here

Integrated luminosity
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‘ Belle IT Detector (in comparison with Belle)
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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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[Last week at KEK....
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Sector Test of KLM
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One Possible SuperKEKB/Belle II Schedule
 CY2014 | CY2015 | Cyzoi6 | CYz017 |  Cyzo18 |

Dedicated
Commissio Run with Full

ning Belle 11
Detector

Super KEKB
Construction

Belle 11 VTX
installation Instal

lation




Outlook
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» Analysis Underway
Di-Hadron Asymmetries (+Rho FF)

Neutral Meson Collins Fragmentation Function
Use Combinations #'n’+x’7r~ and #'n+nz
atnt+a AN AR A

Di-Hadron Pair Cross Section

Pt dependence of charged hadron Multiplicities
Aim for first measurement with systematic effct O(10%)

ISR/FSR & charm tagging seems to be under control . .

» Belle I1

Lots of statistics, state of the art detector
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For pion-pion couples: |
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For pion-Kaon couples:
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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

_AH[RYHGR+ AHTR HIEY 42 HY HEE + HILS, j HIZ o+ HIZY Hg;s_,x)

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




versus sin’0/(1+cos>6
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u,d,s,c,tau contributions
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Space constrained by existing ¢alorimeters
Quartz radiator + mirror + expansion block + MCP-PMT

Focus mirror
MCP-PMT (sphere, r=7000)
/ /
li -
Backward Forward
ey T

I

New PID
v (3 Endeap)

Backward )

Forward




O'[um} r

Impact parameter resolution d0

(9]

U R R e e P XD050umT600_Model_NE
X \ a=15.712561 +- 0422719
b=75549110 +- 2315056
‘, \ : : : : ©=0.344919 +-0.002107

i ; ; ; TrkBellell_PXD075um1600_Model_NB H

a=13.926252 +- 0194496

b= 50.987968 +- 1.388469

©=0.371542 +-0.002133

Belle resolution (BN715)

a=11.6 b=322

10?

10

Resolution [um]

N
N\
N

0 0.5 1 15 2 2.5 3
pB*sin(6)*? [GeVic]

——

.
....................................................................... i SIS S———— ' Ceese—
FU RO D S S T T T S U AU W T S A SN i

Pixel detector clc

- —————— - - - b iimmssemssanesn

W ——y A

0 0.5 1 1.5

0 1.0

2.5 3

2.0 PBsin(0F:[G



T B 7T }
g 0.006795: 0.004574 0.01657 1 0.00542
A ot ogms:onn | A F 09999 2 0.0038
z I a5 0004528 || 2 0003691 000540
v o104 2] 002183: 000455 || ¥ 0.008975 1 0.005407
N N
710 ¥
& - &
---------------------- z 1 z
"'\
098
096 +
094 1 I I I | !
0 1 2 3 4 5 6

cos

w|’ Pion fake rate. 1-bar |

02:——1
o “MF « 2 GeV/c
‘é o * 3 GeV/c
o “"f * 4 GeV/c
ﬁ (R L -
Y L A A
e B Ol: A
:“..',:......‘. 0.08 |-
= ] 4 n m A ansk- A
; A EEn 08 A A
- 8 A 4 onef- m n
E A A nmE a .
s A - A " |
C °-oﬁ.:;¢.!2.’.ﬂ.u=.i‘.ﬁ
4 ‘ 2 Ge -
- v 4 3G, ITOP only (no dE/dX) 21
: + 4 GeV/c |
A
o I P BT EE— — | A L

2.6 -04 -2 0 ni D4 0.5 na



|

Csl(TI) 16X, ~————r
N

TOF counter
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u/ K, detection
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Measurement of Fragmentation

Functions @
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Asymmetric collider
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Double ratios for robustness against Detector

Effects:

Ay unlike over like sign pions

Ay unlike over charge integrated pions




¢ A, dependence different from A,
» No intersect with 0

linear in sin?0/(1+cos20),
go to o for sin?6/(1+co0s20) >0
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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
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