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@ FFs needed/interesting for many other studies!

(confinement, heavy-ion physics, etc.)

@ FFs not calculable from first principles

@ hadronization very active field (Monte Carlo, hadrons in jets, event shapes, etfc.)
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single-hadron™) (TMD**)) fragmentation functions

*) complemented by rich world of di-hadrons
**) fransverse-momentum dependent

quark pol.
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single-hadron™) (TMD**)) fragmentation functions

*) complemented by rich world of di-hadrons
**) fransverse-momentum dependent

quark pol.
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2| U D4 ¥ relevant for unpolarized final state
S R 1 N
T |Dig |Gip | Hy Hypp

. Collins FF: H1 T
< ordinary FF: Diﬁh

FF ... fragmentation function
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single-hadron™) (TMD**)) fragmentation functions

*) complemented by rich world of di-hadrons
**) fransverse-momentum dependent

quark pol.
U L T
—é; U | D, ]{1l ¥ relevant for unpolarized final state
5| L G| Hip } L
& - G1LT H, H1LT polarized final-state hadrons

polar'izin FF

FF ... fragmentation function
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single-hadron™) (TMD**)) fragmentation functions

*) complemented by rich world of di-hadrons
**) fransverse-momentum dependent

quark pol.
U L T
g U | D, ]{1l ¥ relevant for unpolarized final state
5| L G| Hip } L
= - GfT , H1LT polarized final-state hadrons

polar'izin FF

= FFs act as quark flavor-tagger and polarimeter

FF ... fragmentation function
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e*e- annihilation at BESIII, BaBar & Belle

Solenoid (B=1T) e RPC muon
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e*e- annihilation at BESIITI, BaBar & Belle
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fragmentation in e*e- annihilation

@ single-inclusive hadron production, e*e- = hX

@ D; fragmentation function

@ (Ditt spontaneous transv. polarization)
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fragmentation in e*e- annihilation

@ single-inclusive hadron production, e*e- = hX

@ D; fragmentation function

@ (Ditt spontaneous transv. polarization)

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

@ product of fragmentation functions

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

@ single-inclusive hadron production, e*e- = hX

@ D; fragmentation function

@ (Ditt spontaneous transv. polarization)

@ inclusive "back-to-back" hadron pairs, e*e- = hih2X
@ product of fragmentation functions

@ allows for tagging of flavor, transverse-momentum,
and/or polarization

@ inclusive same-hemisphere hadron pairs, e*e- = hih2X

@® di-hadron fragmentation

Gunar Schnell 6



the collinear case



single-hadron production

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

@ |imits analysis of evolution and gluon fragmentation

/o, do/dx x c(Vs)

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

X
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single-hadron production

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

@ |imits analysis of evolution and gluon fragmentation

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

® by now also results from BaBar, Belle, and BESIITI:

@ BaBar Collaboration, PRD 88 (2013) 032011: =, K+, p+p

X

@ Belle Collaboration, PRL 111 (2013) 062002: n+, K¢
@ Belle Collaboration, PRD 92 (2015) 092007 & 101 (2020) 092004: n=, Kt, p+p
@ NEW: BESIIT Collaboration, PRL 130 (2023) 231901 & 133 (2024) 021901 : n®,K2 & n
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single-hadron production NG R~
@ very precise data for charged pions and kaons ! —

@ Belle data available up to very large z (z<0.98) s

® DEHSS fits [e.g., PRDY1 (2015) 014035] | S~ S NO——

@ slight tension at low-z for BaBar and high-z for Belle wm | *
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single-hadron production

@ very precise data for charged pions and kaons

@ Belle data available up to very large z (z<0.98)

® DEHSS fits [e.g., PRD91 (2015) 014035]

@ slight tension at low-z for BaBar and high-z for Belle ©::
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@ Belle radiative corrections generally "undone” in FF fits

Gunar Schnell
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[EPJC 77 (2017) 516, NNFF1.0]

In the case of the BELLE experiment we multiply all
data points by a factor 1/c, with ¢ = 0.65 for charged

p10n‘" and k:

tons/antiprotons [33].
ata consistently with all the other SIA

to treat the BELLE d

measurements 1nclud

s [69] and with ¢ a function of z for pro-

This correction 1s required 1n order

led in NNFF1.0. The reason 1s that a

kinematic cut on radiative photon events was applied to the
BELLE data sample in the original analysis instead of unfold-
ing the radiative QED effects. Specifically, the energy scales

TWHSS & CPHI 2024
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single-hadron production S e ]
S ¢ BaBar (10.54) .

@ very precise data for charged pions and kaons g RN i :
10 "‘*.** E

® Belle data available up to very large z (z<0.98) I NN :
® 2015 DEHSS fits [e.g., PRD91 (2015) 014035] N 2
[PRD 88 (2013) 032011]  \§\ 1

@ slight tension at low-z for BaBar and high-z for Belle o T R

Xp

. . . " | [PRD 92 (2015) 092007
@ Belle radiative corrections generally "undone” in FF fits

® data available for (anti)protons

@ similar z dependence as pions

do/dz [fb]

@ about ~5 of pion cross sections
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single-hadron production S e ]
S ¢ BaBar (10.54) .

@ very precise data for charged pions and kaons g RN i :
10 "‘*.** E

@ Belle data available up to very large z (z<0.98) I NN :
® 2015 DEHSS fits [e.q., PRD91 (2015) 014035] N 8
[PRD 88 (2013) 032011]  \§\ 1

@ slight tension at low-z for BaBar and high-z for Belle o T R

Xp

_ . . " | [PRD 92 (2015) 092007
@ Belle radiative corrections generally "undone” in FF fits

® data available for (anti)protons

@ similar z dependence as pions

do/dz [fb]

@ about ~5 of pion cross sections

® Belle re-analysis presented in PRD 101 (2020) 092004

10°
01 02 03 04 05 06 0.7 08 09 1

Gunar Schnell 11 Z IWHSS & CPHI 2024



http://dx.doi.org/10.1103/PhysRevD.91.014035

interlude
about counting




@ cross sections are basically count rates
@ "how to count?” sounds like a simple question, but the devil is in the details
@ what to do with hadrons that have (somewherel) an ISR photon

@ in general, how to deal with events that are assigned to "wrong" kinematic bin due to
instrumental effects [e.g., measured and true momentum might differ]

@ book-keeping of assigning event's contribution to bin's statistical uncertainty

Gunar Schnell 13 IWHSS & CPHI 2024



@ cross sections are basically count rates
@ "how to count?” sounds like a simple question, but the devil is in the details
@ what to do with hadrons that have (somewherel) an ISR photon

@ in general, how to deal with events that are assigned to "wrong" kinematic bin due to
instrumental effects [e.g., measured and true momentum might differ]

@ book-keeping of assigning event's contribution to bin's statistical uncertainty

@ hadron yields also undergo series of other corrections:

@ particle (mis)identification [e.g., not every identified pion was a pion]
@ non-qq processes [e.g., tTwo-photon processes, Y -> BB, ...]
@ "4xn" correction [e.g., selection criteria and limited geometric acceptance]

@ “optional”: weak-decay removal  [e.g., "prompt fragmentation”]

Gunar Schnell 13 IWHSS & CPHI 2024



@ what to do with hadrons that have (somewhere) an ISR photon

@ nothing! — leave it to phenomenology to deal with QED corrections

® however, (uncorrected/corrected) yields are ISR & detector dependent
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@ what to do with hadrons that have (somewhere) an ISR photon

@ nothing! — leave it to phenomenology to deal with QED corrections
® however, (uncorrected/corrected) yields are ISR & detector dependent
@ reject all events that have an isolated photon?
@ detectors almost never fully hermetic, many ISR photons travel down the beam pipe

@ still fully inclusive reaction?
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@ what to do with hadrons that have (somewhere) an ISR photon

@ nothing! — leave it to phenomenology to deal with QED corrections
® however, (uncorrected/corrected) yields are ISR & detector dependent

@ reject all events that have an isolated photon?
@ detectors almost never fully hermetic, many ISR photons travel down the beam pipe
@ still fully inclusive reaction?

@ use some Monte Carlo to estimate event fraction with an ISR photon that carries away more
than x% of total available energy (e.g., 0.5% as in earlier Belle analyses)

@ what is a reasonable choice for x?

® TSR treatment model dependent, indeed depends on annihilation cross section
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@ what to do with hadrons that have (somewhere) an ISR photon

@ nothing! — leave it to phenomenology to deal with QED corrections
® however, (uncorrected/corrected) yields are ISR & detector dependent

@ reject all events that have an isolated photon?
@ detectors almost never fully hermetic, many ISR photons travel down the beam pipe
@ still fully inclusive reaction?

@ use some Monte Carlo to estimate event fraction with an ISR photon that carries away more
than x% of total available energy (e.g., 0.5% as in earlier Belle analyses)

® what is a reasonable choice for x?
® TSR treatment model dependent, indeed depends on annihilation cross section

@ use some Monte Carlo to estimate ratio of hadrons produced in absence of ISR vs. full
QED+QCD simulation

@ again model dependent: number of hadrons produced at given z for different s depends on
dif ferential cross section (e.g., from evolution)
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ISR corrections - PRD 92 (2015) 092007
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@ large non-ISR fraction at large z, as otherwise not kinematically reachable

(remember z = En / 0.5/ Shominal)

relative fractions of hadrons as a function of z originating from ISR or non-ISR events

@ keep only fraction of the events -> strictly speaking not single-inclusive annihilation

@ currently used constant 0.65 correction to undo ISR correction is not a constant vs. z
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ISR corrections - PRD 101 (2020) 092004

: o
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@ non-ISR / ISR fractions based on PYTHIA switch MSTP(11)

® PYTHIA model dependence; absorbed in systematics by variation of tunes
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comparison old&new Belle single-hadron cross sections

[PRD 92 (2015) 092007]
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comparison old&new Belle single-hadron cross sections

[PRD 92 (2015) 092007] [PRD 101 (2020) 092004]
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comparison old&new Belle single-hadron cross sections

[PRD 101 (2020) 092004]
I

S lo
10", o>
B L ]
— L ]
- @
Ll | @
107 ""a, %
- I-:.'l."o'
B -** ..'l“‘o
10° & **** ...l"O
§ *** . l:“‘_ .
— fa, TMegle,. @ updated analysis
— 5 I.-O'
10" & A °
S Eg e
@) - I n’
© 4_ l.m
e Er I .
- EK .
3 | —_—
10°E Mp/p
OZ:I—III|IIII|IIII|IIII|IIII|IIII|IIII| |IIII
01 02 03 04 05 06 07 08 09 1

Z

Gunar Schnell 17 IWHSS & CPHI 2024



single-hadron production: hyperons
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@ A production reasonably
well described by PYTHIA

@ less satisfactory for
heavier hyperons (a quite
common problem)

@ basically fails to describe
() production
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https://doi.org/10.1103/PhysRevD.97.072005%5D

single-hadron production: data-MC comparison

pion and(?) kaon data reasonably

well described by Jetset

protons difficult to reproduce,
especially at large z

@ MC overshoots data
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pion fragmentation functions: fit comparisons

|
|

i
|
|

@ still large differences in FF fits ind Ialkb

[PRD 104 (2021) 034007]
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pion fragmentation functions: fit comparisons
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single-hadron production

@ before 2022: lack of precision data at low /s

@ ecven B factories somewhat troublesome due to
large charm contribution

Gunar Schnell

1016 corrprrrhprrer et pre e pr et p ettt
(a)
[2012 PDG]

/o, do/dx x c(Vs)

A
— — T
4

0107010270304 0506070809 1
X

TWHSS & CPHI 2024



single-hadron production

[PRL 130 (2023) 231901]
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single-hadron production

@ before 2022: lack of precision data at low /s

@ ecven B factories somewhat troublesome due to
large charm contribution

@ by now also results from BESIII

ow
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@ PRL 130 (2023) 231901 & 133 (2024) 021901 B

® “challenge” to current FF parametrizations

@ somewhat surprising for neutral pions as easily
related to charge-pion FFs

@ neutral-kaon FF related here to charged-kaon
FFs as charge average
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single-hadron production

® before 2022: lack of precision data at low /s
[PRL 133 (2024) 021901]
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@ neutral-kaon FF related here to charged-kaon
FFs as charge average

@ previous eta FF fit severely below BESIIT data
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FFs including higher twist

@ in view of poor description of BESIII data,
include higher-twist in phenomenology
= much better description, but only STA data
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light-meson SIA data

@ currently rather limited collection of SIA (and other!) data on eta production

[Li et al., arXiv:2404.11527] [Li et al., arXiv:2404.11527]
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light-meson SIA data

@ currently rather limited collection of SIA (and other!) data on eta production
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@ new data from Belle to come out soon

Gunar Schnell

1015 i

1012 i

109 i

106 i

103 i

100 i

[Li et al., arXiv:2404.11527]

I L391.2GeV
O L3 91.2 GeV
ﬂ |  OPAL91.2 GeV
ALEPH 91.2 GeV
T ALEPH 91.2 GeV

% JADE 44.0 GeV

{ JADE 35.0 GeV

JADE 34.4 GeV
{ JADE 22.5 GeV
JADE 14.0 GeV

1

1

TPC 29.0 GeV

CELLO 35.0 GeV
CELLO 34.0 GeV
CELLO 22.0 GeV
CELLO 14.0 GeV
TASSO 34.6 GeV
TASSO 34.0 GeV
TASSO 14.0 GeV
ARGUS 9.5 GeV

0.0

0.2 0.4 0.6

0.8 1.0

27

[Li et al., arXiv:2404.11527]

109 i

107 i

105 i

103 i

101 i

10—1 i

7]

L3 92 91.20 GeV
L3 94 91.20 GeV
{ ALEPHO00 91.20 GeV
ALEPHO2 91.20 GeV
{ OPAL91.20 GeV
{  AELPH92 91.20 GeV

!

CELLO 35.00 GeV
JADES5 34.00 GeV
JADE90 34.00 GeV
HRS 29.00 GeV
MARKII 29.00 GeV
ARGUS 9.46 GeV

1073
0.0

0.2

0.4

0.6

0.8

1.0

TWHSS & CPHI 2024


https://arxiv.org/abs/2404.11527
https://arxiv.org/abs/2404.11527

hadron-pair production

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

@ can use 2" hadron in opposite hemisphere to "tag” flavor,
transverse momentum, as well as polarization

@ mainly sensitive to product of single-hadron FFs, e.g.,

Te™ h 71— h 17— h h
O_e e —hihoX X E :63 (D(l]—> 1Di]_> 2 4 D(1]—> 1D(1]_> 2)
q

max Yy, |PF° -0

> P
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® systematics-dominated over
entire kinematic range

relative uncertainties

@ strongly asymmetric
systematics

@ main contribution from
Monte Carlo tune dependence

relative uncertainties relative uncertainties

relative uncertainties
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light-meson pair production

[PRD 101 (2020) 092004]
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inclusive hadrons - transverse momentum

@ quasi-inclusive hadron production gives access to
transverse momentum in fragmentation

® fransverse momentum measured with respect to
thrust axis n

@ analysis performed differential in z & Py, in various
slices in thrust T (= 18x20x6 bins)

@ correction steps similar as for Phr-integrated cross max 3, [PSMS . )

sections S, [PCVS

@ Gaussian fits to transverse-momentum distribution
provided for all hadrons in (z,T)-bins
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thrust distribution: process contributions

[Belle, PRD 99 (2019) 112006]
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® large contribution from BB at lower thrust

@ large thrust dominated by uds and charm fragmentation
(at very large T significant T contribution for pions, not visible here)
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transverse-momentum distributions
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-> rather spherical events
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[PRD 99 (2019) 1120061
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transverse-momentum distributions

107 0.10<z<0.15 0.15<z2<0.20 0.20<z<0.25 0.25<z2<0.30

® 0.95<T<«1.0

® transverse momenta mostly <. §,
Gaussian distributed
%ﬁ
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[PRD 99 (2019) 1120061
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transverse-momentum: Gaussian widths
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polarization effects

despite unpolarized initial & states



hadron pairs: angular correlations

@ angular correlations between nearly back-to-back hadrons used to tag transverse quark
polarization -> Collins fragmentation functions

@ RFO: one hadron as reference axis -> cos(2do) modulation

@ RF12: thrust (or similar) axis -> cos(¢p1+¢2) modulation

RFO

@ RFO and RF12: different convolutions over transverse momenta
@ debatable: MC used to "correct” thrust axis to qq axis
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hadron pairs: angular correlations

@ challenge: large modulations even without Collins effect

(e.g., in PYTHIA MC)

Gunar Schnell
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hadron pairs: angular correlations

_[Phys. Rev. D0 (2014) 052003 ]
I & |
@ challenge: large modulations even without Collins effect 1L Mc ‘—'

(e.g., in PYTHIA MC)
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@ construct double ratio of normalized-yield =T :
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o o o . 0.98
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hadron pairs: angular correlations

@ challenge: large modulations even without Collins effect
(e.g., in PYTHIA MC)

@ construct double ratio of normalized-yield
distributions Riz, e.g. unlike-/like-sign:

sin’6,
RY 1+ (i) GY cos(y + o)
YG* cos(

o =~

2
SIn“ By,
14-cos?6y,

3
Ry, 14 |+ b))

e —

@ suppresses flavor-independent sources of modulations
@ (GY/L: specific combinations of FFs
@ remaining MC asymmetries = systematics
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Collins asymmetries (RFO)

D>

® first measurement of Collins asymmetries by 0012 Z Z T
Belle [PRL 96 (2006) 232002, PRD 78 (2008) o1 [ M i
032011, PRD 86 (2012) 039905(E)] N T
@ significant asymmetries rising with z 0012 Z Z |
@ used for first transversity and Collins FF .fc;; ) o _
extractions L —— e ——
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@ BaBar results [PRD 90 (2014) 052003]
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Collins asymmetries - going further
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@ p7 dependence for charged pions from BaBar & BESIIT
@ typical rise with pt; turnover around 0.8 GeV
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Collins asymmetries - going further
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@ pr dependence for charged pions from BaBar & BESIII

@ typical rise with pt; turnover around 0.8 GeV
® .

UL/UC
12

A

UL/uC
12

A

0.08

0.06

0.04

0.02

0.1
0.08
0.06
0.04
0.02

. how also from Belle in R12 frame:

1

A?QL with stat. uncertainties

I - A?QL systematic uncertainties

P,,=[0.00,0.15] GeV

PRD 100 (2019) 92008]

02 03 04 05 06

P, [GeV]

02 03 04 05 06
P, [GeV]

& CPHI 2024


http://dx.doi.org/10.1103/PhysRevD.90.052003
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.100.092008

Collins asymmetries - going further

[PRD 100 (2019) 92008
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Collins asymmetries - going further
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Collins asymmetries - going further

o RV sin?(6)
T ~ 1
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Collins asymmetries - going further

0+ o
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@ .. while basically flat for eta
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Collins asymmetries - going further

RYy sin”(6)
RT‘_O — —12 ~ ]_
2 RL COS(gblz)l cos2(6)
U ) @ () 4 A ©
L 5(D{™ + Df*) @ (D™ + D) + 4Dfiy, @ D’y )

5(H1J_,fcw 2 HlJ_,dis Hlj_,dis R Hlj_,fav) ZHJ_,diS HJ_,dz's N
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@ non-zero n° or n results not direct sign of non-zero nt° or n Collins FFs
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Collins asymmetries - going further
f5(H1L,fcw n Hf,dw) 2 (HL,fafu n HJ_,diS) g dis o ppldis

1,s—m 1,s—m

\ 5(D{afu 4 Diizs) R (Dfav 4 Ddzs) _|_4Ddzs R dis )

1,s—m 1,s—m

5(H ™ @ HP™ + Hy ™ @ Hi'™) + 2150 Hy 5 | contribution from charged pions
5(Df0f0 R Ddzs T Ddzs R DfCL’U) e 2Ddzs R Ddzs ) .

l,s—m l,s—m

@ non-zero n° or n results not direct sign of non-zero nt° or n Collins FFs

@ double ratio dominated by terms involving charged-pion yields
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Collins asymmetries - going further

Ry sin(6)
R M2 9
12 RfQ COS(¢12.) 1 COSQ((Q) . . .
L BHTT + HET) @ (H 4 BT +4H; 5 @ HiGT, 46— contribution from n0 or n
\ 5(D{av + D) @ (D{a"" + Ddis) 4 4Ddis g Ddis_ )

1,s—m 1,s—m

5(H ™ @ HP™ + Hy ™ @ Hi'™) + 2150 Hy 5 | contribution from charged pions
5(D{0f0 R Dilis 4 Diiis 2 D{CL’U) 1+ 9Ddis (i Ddis ) '

1,s—m 1,s—m

@ non-zero n° or n results not direct sign of non-zero nt° or n Collins FFs

@ double ratio dominated by terms involving charged-pion yields

@ only numerator of first term related to n° or n
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Collins asymmetries - going further

Ry sin(6)
RWO _ 1M2 1
2 RL Cos(gblz)l cos2(6)
y <f 5(H 7% + Hi®™) @ (Hi '™ + Hi™) + 4H2% ® Hi % 4——— contribution from =0 or 7
L 5(D{™ + Dfi*) @ (D" + D{i*) + 4D{s @ D’z )

5(H1J_,fcw ) HlJ_,dis

Hlj_,dis R Hlj_,fav) QHJ_,diS HJ_,dz's N

contribution from charged pions

l,s—m*"1,s—m

5(D]* @ Dfis + Dfis @ D{*) + 2D

> .
dis
1,s—m & Dl,s—)w /

@ non-zero n° or n results not direct sign of non-zero nt° or n Collins FFs

@ double ratio dominated by terms involving charged-pion yields

@ only numerator of first term related to n° or n

@ non-zero results could, in principle, arise entirely from charged-pion Collins FFs
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a likely future

@ several analyses still in the pipeline, e.g.,
® krt-dependent D; FFs (back-to-back hadrons)

® Collins asymmetries:
@ pion update w/ increased statistics

@ kaon & pion-kaon pairs; kr dependence of
Collins asymmetries

@ Collins asymmetries w/o double ratios
@ single-hadron production
® short-lived mesons and resonances

® charged pions and kaon at lower s
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a likely future

[PRD 104 (2021) 034007]

® several analyses still in the pipeline, e.g., () S VN YR SRS RSOOSR O D O
® kr-dependent D: FFs (back-to-back hadrons)
@ Collins asymmetries: >
(5 10'F -
@ pion update w/ increased statistics o
@ kaon & pion-kaon pairs; kt dependence of gigls
Collins asymmetries I ool oo e
Y | Not fitted ¥ =3 {?ﬁ;x
® Collins asymmetries w/o double ratios T/ AT —

@ single-hadron production
@ short-lived mesons and resonances

® charged pions and kaon at lower s
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a likely future
e , , [PRD 104 (2021) 034007]
® several analyses still in the pipeline, e.g., 102 oo A A4 AL A A Al St & 5]

® krt-dependent D; FFs (back-to-back hadrons)

® Collins asymmetries:

@ pion update w/ increased statistics

4 kaor.t & pion—kaon.pair's; kT dependence of O gfé‘ls
Collins asymmetries Not fitted
® Collins asymmetries w/o double ratios = e
@ single-hadron production
@ short-lived mesons and resonances BESIII region
® charged pions and kaon at lower s ~62pb-1 @3.52 GeV used for Collins asym's

aim at 250pb-! data set
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a likely future
e , , [PRD 104 (2021) 034007]
® several analyses still in the pipeline, e.g., 102 oo A A4 AL A A Al St & 5]

® krt-dependent D; FFs (back-to-back hadrons)

® Collins asymmetries:

@ pion update w/ increased statistics

4 kaor.t & pion—kaon.pair's; kT dependence of O gfé‘ls
Collins asymmetries Not fitted
® Collins asymmetries w/o double ratios = e
@ single-hadron production
@ short-lived mesons and resonances BESIII region
® charged pions and kaon at lower s ~62pb-1 @3.52 GeV used for Collins asym's
@ new data from Belle II aim at 250pb-1 data set
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https://doi.org/10.1103/PhysRevD.104.034007

Belle IT data taking
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= similar data sample as at 1sf-generation
B-factories "soonish”
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Collins asymmetries - differences w.r.t. old analysis

@ qualitative changes in 2019 Belle analysis
w.r.t. previous Belle analyses:

@ no correction to qg axis;
= rather to thrust axis, which is observable

@ upper limit on opening angle imposed

@ no correction for charm contribution;
= provide charm fraction
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charm fraction

charm fraction
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.100.092008

-0 | 1 T -
. wwwe  polarizing fragmentation
-10 + -
% ~201 =
& <30T y
-br ] @ large hyperon polarization in unpolarized hadron collision observed
0 02 04 06 08 10 o . .
" @ .. as well as ininclusive lepto-production
[HERMES, PRD 90 (2014) 072007
<C0.20 . . . . | |
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https://link.aps.org/doi/10.1103/PhysRevLett.122.042001

polarizing fragmentation function

@ polarization measured normal to production plane, i.e. o<("Py" x Pa)

@ reference axis to define transverse momentum:
@ "hadron frame" - use momentum direction of "back-to-back” hadron
@ “thrust frame" - use thrust axis

@ exploit self-analyzing weak decay of A to determine polarization
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Polarization

Polarization

Gunar

0.1f

0.1r

polarizing fragmentation function

[Belle, PRL 122 (2019) 042001]
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@ flavor tagging through hadrons
in opposite hemisphere:

® |arge-zn hadrons tag quark
flavor more efficiently

= enlarges differences between
oppositely charged hadrons

b
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