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fragmentation in e*e” annihilation

@ single-inclusive hadron production, B, i)
e‘e” > hX ar )
o i + R
@® D; fragmentation fctn. WT e’e T““’
Pyt , Tip
@ Dit spontaneous transv. pol. &
P*r‘.". ,-"/‘P'
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fragmentation in e*e” annihilation

@ single-inclusive hadron production, Thrust (axis):
e'e” > hX omax 3y [PEMS - )
> on IPEM

@ D; fragmentation fctn.

@ Ditt spontaneous transv. pol.

@ inclusive "back-to-back"” hadron
pairs, e‘e” = hih2X

@ product of Dior of Collins FFs

@ flavor, transverse-momentum,
and/or polarization tagging
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fragmentation in e*e” annihilation

@ single-inclusive hadron production, Thrust (axis):
e'e” > hX omax 3y [PEMS - )
> PR

@ D; fragmentation fctn.

@ Ditt spontaneous transv. pol.

@ inclusive "back-to-back"” hadron
pairs, e'e” 2 hih2X

@ product of Dior of Collins FFs

@ flavor, transverse-momentum,
and/or polarization tagging

@ inclusive same-hemisphere hadron
pairs, e'e” = hih2X

@ dihadron fragmentation

gunar.schnell @ desy.de 3 Transversity 2017 - Dec 13™, 2017



fragmentation in e*e” annihilation

@ single-inclusive hadron production, Thrust (axis):
e'e” > hX omax 3y [PEMS - )
> PR

@ D; fragmentation fctn.
@ Dir'-spentaneoustransv—pok

@ inclusive "back-to-back"” hadron
pairs, e*e” = hih2X

@ product of DiereftCellinsFFs-

@ flavor, +rakrsverse—momenturm-
andlerpeotarizafien tagging

@ inclusive same-hemisphere hadron
pairs, e'e” = hih2X

@ dihadron fragmentation
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e*e” annihilation at Belle
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@ KEKB: asymmetric beam-energy
e‘e” collider near/at
Y (4S) resonance (10.58 GeV) 1 (4S)

off resonance
oh resonance

“udsc continuum”

@ large azimuthally symmetric
geometric acceptance 655 fb! 68 fb!

@ particle ID -> x, K, p results
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from hadron yields to cross sections

@ hadron yields observed undergo series of corrections

smearing unfolding [e.g., measured and true momentum might differ]
particle (mis)identification [e.g., not every identified pion was a pion]

non-qq processes [e.g., fwo-photon processes, T -> BB, ...]

"4x" correction [selection criteria and limited geometric acceptance]

QED radiation [initial-state radiation (LSR)]

optional: weak-decay removal (e.g., “prompt fragmentation”)
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from hadron yields to cross sections

@ example: single-hadron cross sections

@ cumulative effect of correction steps

— PID/ raw
---- Smear / raw
non-qq / raw
-.= Acclll / raw
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@ largest effect for mesons from acceptance and ISR correction

@ larger PID correction for protons than for mesons
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single-hadron production  wi | @
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single-hadron production

@ before 2013: lack of precision data
at (moderately) high z and at low /s

@ limits analysis of evolution and gluon
fragmentation

@ limited information in kinematic
region often used in semi-inclusive DIS

@ by now, results available from Belle and BaBar:

/o, do/dx x c(Vs)

106N “ @) ]

1

0 ] P e e
0 0.102030405060.70809 1

X

@ BaBar Collaboration, Phys. Rev. D88 (2013) 032011: =*, K*, p+p
@ Belle Collaboration, Phys. Rev. Lett. 111 (2013) 062002: n*, K*

@ Belle Collaboration, Phys. Rev. D92 (2015) 092007: =n*, K*, p+p
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single-hadron production” == 1
@ very precise data for charged i $oL
pions and kaons o'l
@ data available up to very large z "¢ i ot 1 :
(z<0.98) Sl apmeneonsanannny; [l arasesnrarasannny’
| | | = b 07 emm—
@ included in recent DEHSS fits b S WME;&;;

[e.g. PRD 91, 014035 (2015)] TR T e es 0s
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http://dx.doi.org/10.1103/PhysRevD.91.014035
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single-hadron production”
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[e.g. PRD 91, 014035 (2015)] m

@ new: data for protons and anti-
protons

@ not (yet) included in DEHSS
@ similar z dependence as pions

@ about ~!5 of pion cross sections
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single-hadron production - MC comparison

[Phys. Rev. D92 (2015) 092007]
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@ pion and kaon data reasonably well described by Jetset

@ protons difficult to reproduce, especially at large z: MC overshoots data
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hadron-pair production

@ single-hadron production has low
discriminating power for parton flavor

@ can use 2" hadron in opposite hemisphere

to "tag" flavor

@ mainly sensitive to product of single-
hadron FFs

@ if hadrons in same hemisphere: dihadron
fragmentation

@ alade Florian & Vanni [Phys. Lett. B
578 (2004) 139]

@ ala Collins, Heppelmann & Ladinsky
[Nucl. Phys. B 420 (1994) 565];
Boer, Jacobs & Radici [Phys. Rev. D 67
(2003) 094003]
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hadron-pair production

no hemisphere selection
[Phys. Rev. D92 (2015) 0920071
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hadron-pair productign

no hemisphere selection A
[Phys. Rev. D92 ;/*/
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no hemisphere selection

------------------------------------
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hadr'on—pair production

d?c / dz, dz, [fb]
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no hemisphere selection

z, dz, [fb]
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hadr'on—pair production
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hadron-pairs: weak-decay contributions
@ not all hadrons originate from uds quarks but, e.g., from D decay

@ here: only z1=z> diagonal bins
[Phys. Rev. D92 (2015) 0920071
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hadron-pairs: topology comparison

@ any hemisphere vs. opposite- & same-hemisphere pairs

@ same-hemisphere pairs with kinematic limit at z1=z,=0.5

[Phys. Rev. D92 (2015) 092007]
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hadron-pairs: comparison with PYTHIA

@ generally good agreement at

@ at large z only present Be

low z

le and PYTHIA default tunes satisfactory

[Phys. Rev. D92 (2015) 092007]
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same-hemisphere data: Mnin2 dependence

[Phys. Rev. D96 (2017) 032005]

0.30 <z<0.35

unlike-sign
hadron pairs

0.20<2<0.25 0.25 <z <0.30 0.35<z<040

o / dzdm [ub/GeV]

kinematic limit

Iike-Sign i . - i ;
hadron pairs 5" Beemiend i b B N SR ot

S
(05’ 10 0.40 <2< 0.45 0.45 <z < 0.50 0.50 <z < 0.55 0.55 <z < 0.60
5
[ 5
o a0 o e 1
e .._..:- + " D o
smmed U T ata N
g ~ 10
mma o
e
ST 106°
32T T ot
@ n'nt Data
B 10 0.60 <z < 0.65 0.65 <z <0.70 0.70 <z<0.75 0.75<z<0.80

............................................................................................................................................................

&6 / dzdm [ub/GeV]

T>0.8

O 1 10 0.80<z<0.85 0.85 <z < 0.90 0.90<z<0.95 §§é§
=
Z12 > V.

4 ' Data 095<z<1.00
= ;.'E

‘0| n*n* Data

oG / dzdm [ub/GeV]

040608 1 12141618 2 22040608 1 12141618 2 22040608 1 1.2141618 2 22040608 1 12141618 2 2.2
m,, [GeV] m,, [GeV] m,, [GeV] m,,. [GeV]

@ unlike-sign pairs with clear decay and resonance structure: Ks, p° ..

@ like-sign pairs with much smoother and smaller cross sections
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same-hemisphere data: Mnin2 dependence

[Phys. Rev. D96 (2017) 032005]
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@ cross sections after (MC-based) removal of weak-decay contributions
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same-hemisphere data: Mnin2 dependence

[Phys. Rev. D96 (2017) 032005]
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@ decomposition based on PYTHIA simulation

@ clear differences in invariant-mass dependence between MC and data
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same-hemisphere data: Mnin2 dependence

[Phys. Rev. D96 (2017) 032005]
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@ unlike-sign 7K pairs with clear K* and increased D-decay contributions
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same-hemisphere data: Mnin2 dependence

[Phys. Rev. D96 (2017) 032005]
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@ unlike-sign kaon pairs with (again) a decay structure from ¢ and D

@ like-sign kaon pairs strongly suppressed at larger z
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http://dx.doi.org/10.1103/PhysRevD.96.032005
http://dx.doi.org/10.1103/PhysRevD.96.032005

what to further expect from Belle

@ production cross sections of hyperons and charmed baryons
(submitted to Phys. Rev. D, arXiv:1706.06791)

@ transverse polarization of inclusively produced A° hyperons
(arXiv:1611.06648)

@ n° and n Collins asymmetries

@ kr-dependent D: FFs
@ hadron-to-thrust
@ nearly back-to-back hadrons

@ hadron-pair cross sections revisited: fully differential and/or
differential in other variables

@ helicity-dependent dihadron fragmentation: G1* (" jet handedness”)
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ISR corrections - PRD92 (2015) 092007
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@ relative fractions of hadrons as a function of z originating from ISR
or non-ISR events (= energy loss less than 0.5%)

@ large non-ISR fraction at large z, as otherwise not kinematically
reachable (remember z = E / 0.5V Snominal)
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ISR corrections - PRD96 (2017) 032005
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hadron-pair cross sections relative to pi+pi-

any hemisphere

0.20 <z, <0.25

=5 2EONE ey Ny Ay

: ..... D .....

oK /o'

Cross section ratio

0.25 < z,< 0.30

[ ]
A

0.30 <z,<0.35

H1 ]

== g A

L]
SEaL

0.35< z,< 0.40

=18 )

Cross section ratio

A L s e e Tl
) = v H

n
o a Myl
v, "‘i‘

Cross section ratio

Cross section ratio

.....

1 M e T
PV A\ 7
AT, . AP O]

_'_'_I_!'Y.'li'll_.
L o> 1
[

"
[l (PN

= \
oA

1072 : : :
02 0.3 04 05 0.6 0.7 0.8 0.9

Z
gunar.schnell @ desy.de2

0.3 04 05 06 0.7 0.8 0.9
Z
28

0.

3 04 05 0.6 0.7 0.
Z

03 04 05 06 07 08 09 1

y4
Transversity 201% - Dec 13t 2017



hadron-pair cross sections relative to pi+p

any hemisphere
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subprocess contributions
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like-sign di-pion cross sections
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unlike-sign pi-K cross sections
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like-sign pi-K cross sections
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unlike-sign di-kaon cross sections
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like-sign di-kaon cross sections
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