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How do quasi-free partons fragment into confined
hadrons ?

8l - Does spin play a role ? Flavor dependence?
« What about transverse momentum (and its Evolution) ?

What experiments measure:

* Normalized hadron momentum in CMS: e*e>h(z) X ;z =2E,/ Vs

gl - Hadron pairs’ azimuthal distributions: e*e=>h h, X ; <cos(¢,+¢,)> ;
Collins FF. Interference (IFF)

» Cross sections or multiplicities differential in z: ep->hX, pp->hX

Additional benefits of the FF measurements:

* Pol FFs necessary input to transverse spin SIDIS und pp measurements to
extract Transversity distributions function

* Flavor separation of all Parton distribution functions (PDFs) via FFs (including
M| unpolarized PDFs)
"« Baseline for Heavy lon measurement

» Access to exotics?
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Phys.Rev.Lett. 111 (2013) 062002,
Leitgab, RS, et al (Belle)
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Belle data using in global e
FF fits

Phys.Rev. D91 (2015) 1, 014035
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Together with other new data sub- . Good description of B-factory data
stantial improvement in uncertainties « Also recent inclusion in
- Shift in central values JAMFF fit arXiv1609.00899 ﬁ
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http://arxiv.org/abs/arXiv:1609.00899
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Default Pythia and current Belle in good agreement with pions and kaons

z

Protons not well described by any tune
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D>
mdence of FFs

Gain also sensitivity into transverse
momentum generated in fragmentation

Two ways to obtain transverse momentum
dependence

e Traditional 2-hadron FF

> use transverse momentum between two hadrons
(in opposite hemispheres)

> Usual convolution of two transverse momenta

e Single-hadron FF wrt to Thrust or jet axis

> No convolution
> Need correction for q@ axis

Spin, September 28, 2016 R.Seidl: Fragmentation measurements in Belle



Mfﬁ k; sensit
using thrust method

BELLE

MC simulation
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D
- sample for various hadro

MC simulation
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Fit exponential to smaller transverse momenta for
Gaussian k; dependence and power low at higher k;
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S aussian widths

Once available for data this will be the first direct (no

convolutions) measurement of z dependence of Gaussian &
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S aussian widths

The widths can be used to improve the
Pythia fragmentation settings
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g Di-hadrons

Single inclusive hadron multiplicities (e+e-->hX) sum
over all available flavors and quarks and antiquarks:

do(ete™ = hX)/dz < Y e2(D} ,(2,Q%) + Di 4(2,Q%))
Especially distinction between favored (ie u=>n*) and
disfavored (T - =") fragmentation would be important

Idea: Use di-hadron fragmentation, preferably from
opposite hemispheres and access favored and
disfavored combinations:

i _ ot - r
wd — T X o Du fav(zl Qz) "M fav(zzﬂ Q ) + Du dzs(zla Q2) e dz’s(ZQa Q2)
wi = it X Du fafu(zl Q ) u, dzs(ZZJ Q2) pi- Du dzs(zl Q ) u fcw(z27 Q2)

Also: unpol baseline for interference fragmentation p
14 @
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BELLE etu p © quark

e = = = —

o antiquark

Generally look at 4 x 4 hadron X r,,
combinations ( «t, K, +,-)

e Keep separate until end: only 6 .

independent yields %\

3 hemisphere combinations: /’*\{ g

e same hemisphere (thrust >0.8) =4

e opposite hemisphere ( thrust >0.8 ) 7\ 4

 any combination ( no thrust selection) <

16 X 16 z, z, binning between 0.2 - 1 y\
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BELLE

Method Systematics

PID mis-id

Momentum
smearing

Non-qgbar BG
removal

Acceptance I (cut
efficiency)

Acceptance 11

Weak decay removal
(optional)

Acceptance III

ISR

Spin, September 28, 2016

PID matrices (5x5 for cos 6,,, and MC sampling of inverted matric

PLap ) element uncertainties

MC based smearing matrices SVD unfolding vs analytically

(256x256), SVD unfold inverted matrix, reorganized
binning, MC statistics

eeuu, eess, eecc, tau MC Variation of size, MC statistics

subtraction

In barrel reconstucted vs udsc MC statistics

generated in barrel

udsc Gen MC barrel to 4n MC statistics

udcs check evt record forweak ~ Compare to other Pythia settings
decays

Extrapolation to |cosO|=>1in (Fit Fit uncertainties
to MC)

Keep event fraction with E>

0.995 Ecmg
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D . R
a4 Full results for pion pairs
PRD92 (2015) 092007

Pion pair example in any topology combination shown here
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PRD92 (2015) 092007

H%ﬁﬁﬂ?ﬁhﬁFe composition —

BELLE Same hemisphere contribution drops rapidly
Consistent with LO assumption of

Same hemisphere: single quark = di-hadron FF: (z,+z, <1)
Opposite hemisphere: single quark—>single hadron FF

Diagonal 3107;_ T

Z4,Z 10

bins Y10o N
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Systematic uncertainties not displayed

agmenta 1001 mMeasuremen
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Similar analysis in same hemisphere and mass — combined z
binning. Important input for IFF based transversity global analysis
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S =dDi-pion individual contributio

Contributions from various resonances and direct

fragmentation
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adron mass

Pion — kaon pairs
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=l Pion-kaon individual contributions
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=4 Hyperon'andcharmed |\
LD | ——
85l >.{dds,uds,uud}
baryons 5(1385)3/2'
. 0 -1 Taken from Hadron13 talkl ={dss, uss}
i B ; +
* Main focus of analysison =+ by Sumihama Qfsss}3/2]
total production cross o ® This work ( preliminary)
: : - | e ARGUS
sections, but final 8 e
N . . o 2
publication will containx, <10 - LT AJ
dependence © ; .- #
* Production rates can be C te e
explained by separate lines , + W%EO) r(24s5) ¢ %
for hyperons and charmed (S r.(2520)
baryons and according to i T
strangeness ? Previous Belle work
* Large discrepancy to .
ARGUS likely due to proper 10 - ~ 5 (2800)
feed-down treatment in :
1 coe b b b e b b b e
Belle analysis 1 12 14 16 1.8 2 22 24 26 28 3
Mass of baryons (GeV)
Spin, September 28, 2016 R.Seidl: Fragmentation measurements in Belle
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Won & Charmgi/

baryon production rates |

Taken from Hadron13 talk by Sumihama

Strange baryons Charmed baryons
A, Z.(udc)
A, >(uds c’ “~c
[CIQ](S=0(or 1))+[s] [0q](S=0 or 1)+[c]
; <+ |
m,, My = Mg =/ [qqgs], uniform m,, My <<m, = dl?quqélr Q[lé]a”*
S=C S=1 S=( S=1

Good diquark[ud] + ¢ > Bad diquark[ud] + ¢

good di-quark > bad di-quark
due to strong attractive force of good di

Spin, September 28, 2016 R.Seidl: Fragmentation measurements in Belle 27 "
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@ /
° e [} /
e=rrl Single A polarization measurements

=2 YingHui Guan,

Fragmentation counterpart Tuesday TMD session

to the Sivers Function:

n P,
unpolarized parton ";/
fragments into e
transversely polarized

. g
baryon with transverse "
moment.um VYI‘t to S o.0sjza binning [0.2.0.3,04,0.5,07,0.9]
parton direction g oo anti-A

. 5 ooz A anti-A data ratio
Reconstruct A, 1tS transverse E S et
. . -0.02f )
momentum and polarization <o S B
-0 ':'E!-f
041702 0304 05 06 07 0.8 08 1
E.ﬁ.ﬁ
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z , truation of spin-dependM
analysis

BELLE

Finalization of Kaon related Collins analysis and its kt
dependence ongoing

Finalization of di-hadron handedness studies
(arXiv:1505.08020) ongoing

New neutral pion and eta Collins asymmetries close to
being released

Spin, September 28, 2016 R.Seidl: Fragmentation measurements in Belle 29 !"1'.“
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http://arxiv.org/abs/arXiv:1505.08020

/O

BELLE

Summary and outlook

Unpolarized single-hadron cross sections extracted
and already used in global FF fits

First di-hadron + single proton cross sections from e*e
extracted

* Access to disfavored fragmentation via ordering of pion
and kaon pairs

Di-hadron mass dependent cross sections forthcoming
First A polarization results

Transverse momentum dependent FF analysis ongoing
Finalization of kaon, n’ and n related Collins results

Spin, September 28, 2016 R.Seidl: Fragmentation measurements in Belle 30 |H .
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Iy —

zl Single hadrons

Previously un-published Proton cross sections extracted

—_
o
[s.]

_L_|_ T I\IIIII| I \I\I\H| I \IHIII‘ T I\IIIII| T TTTTI ] I \I.I'II‘

do/dz [fb]

10’

10°

10°

10*

10°
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BELLE
Par

lrrerences in

0 1 9 10 11 12 13 udscatlas udschermes
Pythia def. belle  Atlas  Aleph LEP/tev. | Hermes gen Belle
PARJ(1) 0.1 0.106 0.073 0.029 0.029
PARI(2) 0.3 0.285 0.2 0.283 0.283
PARI(3) | 0= 071 094 1.2 P 1.2
PARI(4) | .05\ 0.05  0.032 7\
PARJ(11) | /05 | 055 031 [\
PARJ(12) | | 06 |\ 0.47 0.4 ] \
PARJ(13) | | 0.75 | 065 054 I \
PARJ(14) 0.0 0.0 0.0 0.02 0.0 0.0 0.05 0.0 0.0
PAR.J(15) 0.0 0.0 0.0 0.04 0.0 0.0 0.05 0.0 0.0
PAR.J(16) 0.0 0.0 0.02 0.0 0.0 0.05 0.0 0.0
PARJ(17) 0.0 0.0 0.0 0.2 0.0 0.0 0.05 0.0 0.0
PAR.J(19) 1 0.57
PAR.J(21) 0.36 0.37 0.325 0.400 0.28 0.28 0.400
PARITES) 1 0.63 0.27 0.27
PAR.J(26) 0.4 0.27 0.12 0 0
PARJ(33] 0.8 0.8 0.8 0.8 0.3 0.8 0.8
PAR.J(41) 0.3 0.4 0.5 1.94 0.32 0.32 1.94
PAR.J(42) 0.58 0.796 0.6 0.544 0.62 0.62 0.544
PAR.J(45) 0.5 1.05 1.05
PAR.J(46) 1. 1.0 1.0
PAR.J(47) 1. 0.67
PARJ(54) -0.050 -0.040 -0.050 -0.04 -0.050 | -0.050 -0.050 -0.050
PARJ(55] -0.005 -0.004 -0.005 -0.0035 -0.005 -0.005 -0.005 -0.005
PAR.J(81) 0.29 0.292 0.29 0.38 0.38
PAR.J(82) 1.0 1.57 1.65 0.5 0.5
MSTJ(11) 4 3 o 4 4
MSTJ(12) |\ 2 | 3 1|\ | 1
MSTJ(26) | \ 2 | O 2 2 2 2\ 0 | =2 2
MSTJ(45) | \ 5 / 4 / 4
SPBT.Reprombe} 28, 2016 1 OR.Seidl:0Fragmen@atioj 0

) me@suremd&nts jh Belle 0
\/

=

ythia/JetSet settings

VM
suppression

PX,Py Gauss
width

Lund params

Aqcpand E
cutoff

33
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/DO F

BELLE

PARJ(1) Diquark suppression relative to quark antiquark production
PARJ(2) : Strangeness suppression relative to u or d pair production
PARJ(3) Extra suppression of strange diqurks relative to strange quark production
PARJ(4) : Axial (ud,) vs scalar (ud,) diquark suppression

PARJ(11) : Light meson with spin 1 probability

PARJ(12) Strange meson with spin 1 probability

PARJ(13) Charm meson with spin 1 probability

PARJ(14) | : Spin 0 meson with L. = 1 and J = 1 probability

PARJ(15) | : Spin 1 meson with L. = 1 and J = 0 probability

PARJ(16) | : Spin 1 meson with L. = 1 and J = 1 probability

PARJ(17) ] : Spin 1 meson with L. = 1 and J = 2 probability

PARJ(19) : Extra baryon suppression relative to regular diquark suppression ( if MSTJ(12) = 3)
PARJ(21) | : Gaussian Width of p, and p, for primary hadrons

PARJ(25) n production suppression factor

PARJ(26) 1’ production suppression factor

PARJ(33) Energy cutoff of fragmentation process

PARJ(41) | : Lund a parameter: (1 — z)°

PARJ(42) | : Lund b parameter: exp(—bm? /z)

PARJ(45) addition to a parameter for diquarks

PARJ(46) : modification of Lund fragmentation for heavy quarks with Bowler, charm, bottom
PARJ(47) modification of Lund fragmentation for heavy quarks with Bowler, bottom
PARJ(54) : charm fragmentation functional form and value if MSTJ(11) = 2 or 3
PARJ(55) : bottom fragmentation functional form and value it MSTJ(11) = 2 or 3
PARJ(81) | : Agep for parton showers

%’ :;;Ib?f 28, 2016 R Seidjrfagiaentiasseeassifertpirfsishowers
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W
=4 ISR co

Fraction of events with CM energy reduced by less than 0.5%
larger than 70% and rising with z based on MC

K'K

ISR non ISR fraction

relative fraction

relative fraction

8.2 0.3 04 05 06 0.7 0.8 09 03 04 05 06 0.7 0.8 09 03 04 05 06 0.7 0.8 089
z,, 2, z, Z, 2,2,
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BELLE

uds production - mostly strong decays into pions and kaons
Charm production - mostly weak decays

10
N

strong -- strong fraction

relative fraction

1072

10,

relative fraction

10

1072E

02 03 0.4 05 06 07 08 0.9 03 0.4 05 06 07 08 09 03 0.4 05 06 07 08 09
Zn 2, Z, Z, 2, Z,

Spin, September 28, 2016 R.Seidl: Fragmentation measurements in Belle
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2 %
el Non g-gbar removal
BELLE

Diagonal z,,z, bins

/

data res —data con r F
Remove allnon g- 10:::33 t‘ T o : K| -
gbar (u,d,s,c pair) £ G I; el E
events: 5 _

Most dominant
contributions are:

* remaining t pairs, 1o = —— =
* Y decays ] « 3 K
g F T[«+TE+ r ++ = +p 7+
2 photon to quark g ¢ T g
processes 2
107k
102

B e s e N | o A,

0.2 03 04 05 06 0.7 0.8 0.9 0.3 04 05 06 0.7 08 09
2y 2y 212

Spin, September 28, 2016 R.Seidl: Fragmentation measurements in Belle



B e
N amdTotal corrections to raw yields

Biggest

differences at
large z due to
smearing and
reconstruction

Spin, September 28, 2016

yield ratio

yield ratio

Diagonal z,,z, bins

- e - T
A n*K - K'K
10 - -
Lo E e
_______ e TSR by LA
S T T IEE TRIPPRL LLL S e, P r G e !
________________________________ ; e e i o= g
-------- Lo b i
Y by § --1
1= T o ] . -
F - - Smear fraw w =
- non-qg / raw :
------- Acclll / raw
------- ISR /raw
|\|||‘|||||||\|| |||\||| |||||||||
—— + F et
- Tt n*K - K'K
10¢ bl 3
= E
L 1
I ---------------- :l”;l.-_

any hemisphere

H

02 03 04 05 06 0.

1111 | 11 11 | 11
08 09
Zy, 2,

_||\|||\|||||||‘|||\||||||||||||||\|||
03 04 05 06 0.7 08 09

Z,Z,
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D
g Systematics budget

Z4,Z, bins

—
o

—
T IIIIIII| T IIHIII| T IIIIIII| T

v

—
<

lative uncertainties

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

L)
o
o

=
da
\Illll\l T TTTIT

Diagonal

x
+
x

—
o

—

—
<

lative uncertainties

e
o
o

=
&
T IIIIIIIE T IIIIIII‘

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

------

-

........

1074
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RN EEEEE EEE
02 03 04 0

vl bv v b Py
5 06 0.7 08 09

Z,, 2,

03 04 0

o e b b by vy
06 0.7 08 09

Z,Z,
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BELLE C u t S

_ = — /

|Z| vertex < 4cm , rvertex < 2cm, Pt>100MeV,
Eid, muid, then hadron id:

* kpi(3,1,0,3,2); kpr(3,1,0,3,4); pipr(3,1,0,2,4);
e Always two hadron ids cut on, should be similar to Martin’s analysis

Hadronb>o0.5
NSVD hits>=3
Evisible>7 GeV
z,Z,>0.1 (or 0.2)

cosO,,;, >-0.511 && c0s0,,;,<0.842 (matching Martin’s PID studies
and full PID acceptancetS

If thrust cut (same/opposite hemispheres) : thrust>0.8 and
|thrustz|<o.75

Opening angle between thrust axis and track >0.8

Spin, September 28, 2016 R.Seidl: Fragmentation measurements in Belle 40 ||1 .
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— —
Analysis strategy

First: look only at z, z, dependence (16x 16 bins from 0.2 to
1.0

Later (after preliminary and Eublication?): mass
dependence in same hemisphere, decaying hadron FFs

(p,K*,0,etc)

Follow closely Martin Leitgab’s analysis :
 Particle id (unfolded, need to evaluate uncertainties)
e Smearing
» Non ggbar (tau ok, Upsilon ok, 2photon)
 Acceptance, decay in-flight, Hadron B, E visible (today)
» Weak decay fraction (essentially all charm)
e ISR

Spin, September 28, 2016 R.Seidl: Fragmentation measurements in Belle 4 !ll{'.l{
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‘/ 1//"'_;'\»_';'\. ‘/‘_Q_‘\w lz-{\' .JV ‘:: { J ’L;’_\-'\/’--\.
Wy U U ,_‘ \& U &_‘ ol U ,_ﬂ_,

< 9 /\ﬂ,;/‘\wl /“-mg,/w ;-/«\I ﬁ\“‘-/“v‘:/'\]
o | — | — tl | — [ | —
\¥/4 | - - A - | - | ‘.\\_ 4 B

Aka uh—integrated PDFs and FFs
D" (2, O3
1,g\~> y
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DD | e
N K. Dependence of FFs

Gain also sensitivity into transverse
momentum generated in
fragmentation

Two ways to obtain transverse
momentum dependence

e Traditional 2-hadron FF

<
N
> use transverse momentum between two /

hadrons (in opposite hemispheres)

> Usual convolution of two transverse
momenta

e Single-hadron FF wrt to Thrust or jet
axis
> No convolution
> Need correction for q@ axis

Spin, September 28, 2016 R.Seidl: Fragmentation measurements in Belle
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/7
MC example of k; sensitivities

E =
,0/"‘\\ 0.10<2,<0.15 0.15<2,< 0.20 020<2,<0.25 0.25<z,<0.30

doidz dk [1b]

daidz dk  [ib]

z_ %_ 0.75 <z, < 0.80 0.80 < z, < 0.85
4
4
g

— :}g: 1 1 1 IT\I |I f 2\ 2I5
£ W 3 3 -
£ 0k 085<z,<000 090<z,<085 [ 095<2,<1.00 kr [GeV]
: : — Pythia default

— Belle — Aleph

— LEP/Tevatron —— Hermes

old Belle
4””1‘5””5“”2}5
Ky [GeV]
Spin, September 28, 2016 R.Seidl: Fragmentation measurements in Belle 44

RIK=H



(2,Q%, ky)
Hqu ;

h17h2’<(zv Qza Mh)
H

1,q

in Belle
nts in
asureme
tion me
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//
P mmentatlon function

J. Collins, Nucl. Phys. B396, (1993) 161

DST(ZG Pni) = D?,q(za P7L)+ HLh (2, Py )

SqT hp, |
O > —

g k

(kXPhJ_) S

ZMh

Spin of quark correlates
with hadron transverse
momentum

=»translates into azimuthal
anisotropy of final state
hadrons

Spin, September 28, 2016 R.Seidl: Fragmentation measurements in Belle 46 !"1'.“
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O

2038 Angles and Cross section cos(¢,+¢,) method

ete- CMS frame:

/Cc)lllaéff..ﬂ tationiine*e :

D.Boer: Nucl.Phys. B806 (2009) 23-6

([)2—7'5 e

O

e+
2-hadron inclusive transverse momentum dependent cross section:

do(e*e” — h;h,X)
dQdz,dz,d’q,

=.--B(y)cos(p, + (Dz)HlL[l](Zl)ﬁle(zz)

B(y)=y(l-y)= % Si7° ©

Spin, September 28, 2016 R.Seidl: Fragmentation measurements in Belle
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%@ﬂﬁﬁﬁms asymme%ﬁ/es 73

Red points : cos(¢, + ¢,) 0012 e

moment of Unlike sign pion og [ "4 :

pairs over sign pion pair oy . AL e W
ratio : AU N T L
Green points : cos(¢, + ¢,) g [re——— [—————
moment of Unlike sign pion Sopl osamr v |
pairs over any charged pion pair | _ I
ratio : AYC ;)1 } ! i +
Collins fragmentation is large ol ¥ § & @ ° +
effect N . SR B L.
Consistent with SIDIS c ) JeeTere T M ST T
indication of sign Change 02 04 06 0802 04 06 08
between favored and disfavored

Collins FF RS et al (Belle), PRL96: 232002

PRD 78:032011, Erratum D86:039905
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(HERMES, COMPASS d, Belle)

Collins function Transversity
— — =~ 7
=, - 1>_ \ 02— 5.4 GaV? —_ “}‘.—f{f ...ﬂ\ '
ﬁ-— 0.8 - - COMPASS 2010 protan data ’ ,
@ 0.6 - QCO-U‘-“ h+ B i
ﬂlE 04 — —
=
< o2f
E ~
3T
Q
N 08 |
!—i’f 0.6 -
Q o4l
= - COMPASS 2010
? 02| / - M Anselming et al, |
Nusct, Pigys, P Suppf, 197, 2008, R -0.2 I 1 1 I 1
0 05 I 03 I I3 1 0 02 D4 06 03 1
. p" (GeVic) X k| (GeV)
P lwev)
Latest SIDIS data not included inFIT
Open questions:
e TMD evolution unknown (however from Belle to HERMES no
large differences seen)
» Kt dependence from Assumption (Belle measurements
planned)
Interference FF (IFF) as independent Cross check
Spin, September 28, 2016 R.Seidl: Fragmentation measurements in Belle 49
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=yl Collins evolution

Kang, Prokudin, Sun and Yuan,
arXiv:1505.05589

unfav,

First Transversity extraction taking TMD 0.05
evolution into account

Still many assumptions on transvserse
momentum dependence necessary z

Only moderate scale dependence in final
results but large effect on e+e-
asymmetries

Spin, September 28, 2016 R.Seidl: Fragmentation measurements in Belle 50
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D

BELLE

Need Kaon Collins
fragmentation:

e tounderstand
HERMES/COMPASS
kaon data

 Flavor separation of

transversity
e Inflation of FF functions:
u,d 2> 2

u,d,s ->1,K: 6+

Spin, September 28, 2016 R.Seidl: Fragmentation measu

el Kaons, etas and other hadr

//
ons

Apply PID unfolding to
obtain pion-pion, pion-
kaon and kaon-kaon
combinations

Currently use only ¢,
method:




> /

)] — _—
=8 Preliminary results
Goonl” o F Belle Preliminary
First pion-kaon and W e
kaon-kaon Collins L I
results. EE"IEE .........
Pion-pions consistent T L
with previous results
Pion-pion and kaon- @ ;_ [H
kaon of similar shape _ ll: ? LU E I
and magnitude | j_
Pion-kaon substanti aHY B R U
smaller
Charm contribution not corrected
Spin, September 28, 2016 R.Seidl: Fragmentation measurements in Belle 52
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sl —

zrl Kaon Collins vs P

< 0'06;_ *  Unilka/Like xx Belle Preliminary
Asymmetries 00 ek ]
(integrated zz:: 1
over z) oo2f- E H ; I
increasing with oo i N ;
transverse u—%ﬂr —————— | S
momentum 00E
Asymmetries -0.020; 02 04 06 0.8 1 12 14
on light neutral Py (GeV)
hadron - pion
combinations
forthcoming
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O ==

—Interference fragmentation

Again azimuthal anisotropy of distribution of hadron
pairs wrt transverse quark spin

Collinear treatment of interference fragmentation -

evolution known (Cecciopieri et al: Phys.Lett. B650
(2007) 81-89)

Spin, September 28, 2016
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//\" ° 7.
Qgg nterference Fragmentation (IFF) in e*e-

ete = ()

]etl(ﬂ:+n )]etz

Po—TL

Theoretical guidance by papers
of Boer ]ako% Radici[PRD

67,(2003)] and .
Artru,Collins[ZPhysC69(1996)] + P,

Early work by Collins, \(
Heppelmann, Ladmsky
[NPB420(1994)]

Model predictions by:

£ 11Z
A oc H; (21’ ml)Hl (22’ mz)cvf(% T (02)
Spin, September 28,
2016 R.Seidl: Fragmentation measurements in Belle 55 SIK=




D
Mmetries: (z,xz,) Binning

/

0.04
0.02
o 0

: PRL107:072004(2011)

-
«
«
-
-
|

-0.02
-0.04

-0.06
-0.08

-0.1
-0.12
-0.14

020<z <0.28

0.28<z <0.35

E Ve
3 YoV,
v

e e

3 0.35<2,<0.42

v
v

0.04
NU .02
o 0

-0.02
-0.04
-0.06
-0.08

-0.1
-0.12
-0.14

««
|
-
«
-
-

042<z,<0.50

Vv'
Yoy
v
A4

0.50<z,<0.57

v

V'v'vvv

E 0.57 <z,<0.65

v
v

o !
. I .
a4

N

0.04
0.02F
K

4.7

s

s

w
-0.02F MWy

-0.04f ey
-0.06F v
-0.08F
-0.1F
-0.12F 0.65< Z2 <0.72

Il

-0.14F

v
v "v

Y v

0.72<z,<0.82

v

¥

A

-

0.82<z,<1.00

LE ]

:'B\.E [E] L) s ns ar 14 (X 1
£

rd
[T

1

Magnitude increasing with z
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o

BELLE

mmetnes

.04
m 0025

tE=y
FY7 = S 1
004
208
008
24F
o12F
DA

0.20 =z <0.27

'T'!

0.27 <z, = 0.33

.
3 Viow ¥

f_ 0.33 <z =< 0.40

0.04
o 002 —

A
002 ¥ »
.04 - ¥
006
f08F
a1f
a42f
D14

0.40 <z, < 0.50

0.50 <z < 0.60

0.04F
] =
o 0.02F

0F-mw
-002E v ¥
0.04F
-0.06E ¥
-n.o8f
-0AE
oAz

E 0.70<z,<0.80
R

0.80 <z, <1.00

| I I

0.4 0.6 0.8

Spin, September 28, 2016

PRI N T T F
1.2 T4
m, [GeVic®]

04

0.6 0.8

M BRI
1.2 14
m, [GeVic?]

- 0.60 <z, <0.70

PRI I T N NN SR T N SR TSN MR
0.4 0.6 0.8 1 1.2 T4
m, [GeVic?]

PRL107:072004(2011)

2 d distributions of one

hemisphere
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Wy extraction from — =
BELLE

HERMES, COMPASS and Belle IFF data

Using Belle IFF and HERMES or COMPASS to extract
transversity compared to Collins FF based global
analvsis:

x h,"[x)— x hy (x4 ® B, [xHx by i)

PRFLIMIMNARY l

] } } g T

1L %“Iﬂ g

Courtoy, Bacchetta, Radici:
Phys.Rev.Lett. 107 (2011) 012001 and
arXiv:1206.1836

HERMES: JHEP 0806 (2008)
COMPASS: Phys.Lett. B713 (2012)

Spin, September 28, 2016
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recent IFF
analysis and
Collins
Transversity
comparable

- CollinsFF
evolution weak?

But many
assumptions at
this point
STAR and
PHENIX
Preliminary
data not yet
used



http://arxiv.org/abs/arXiv:1206.1836

Exotic Fragmen
Kumano (KEK) FF12 and PRD77(2008)017504

1
M,, = L dzzDT (2)

° ./
tation functions

e

General Idea: Use large difference

& | e o between favored (valence) and
06- } §NLO disfavored (sea) of hadrons to find
é’ BTN s - Valepce structure of potentially
= } P s : exotic hadrons, eg fo(980):
02- 5 l
¢
0- Type Configuration 2nd Moment Peak z
Nonstrange gg | (i +dd)/N2 M(s) < M(u) < M (g) Zaa (5) < Zne () = 20 (8)
Strange 99 s§ M (u)< M(s) < M(g) Zanax () < Zx (8) = 2, (8)
Tetraquark | (uiss +ddss)/N2 | M@= M(s)< M(g) 2 (@ =2 ()~ 2 ()
KK Molecule | (k*k-+K°K°)/<2 M @)= M(s) < M(g) Zanax (W) = 2y (8) = 2, (8)
Glueball 88 M@u)=M(s)< M(g) Zonax (W) = 2 (8) < 22 (8)

Spin, September 28, 2016
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agmentation

(D )
BELLE =

T140 D' K= D.— ®n X5
[=%
5120
2 100 7 ﬁﬂ%%
g =
= 80 B fﬁ
40 ; %
20 »
1 1 1 L1 SyE-eY |, 1 1 1, WEESRTYI 1, 1y 1 %
= 45 D*— D't D7 D0
= 40
x" 35
T 30
o 25
¢ 20 L
15 4
.
1 1 1 1 1 I ™. | 0 1 by I T [ T I S Y B £ .. .k I I T I T 1 %
= A= pKn* = L= X 10 Q,— Qn* X400
;ﬁu o 288
: | 1R
= 37, g 5 { L §
| go% ta 3 ! L
“"’& et e PP 3
! I

Y02 04 06 08
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Asymmetric collider
8GeV e +3.5GeV e*
Vs =10.58GeV (Y(4S))
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Continuum production:
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>70fb? => continuum
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Main research at Belle:
CP violation and
determination of Cabibbo
Kobayashi Maskawa
(CKM) matrix
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~ Belle Detector

Aerogel Cherenkov cnt.
n=1.015~1.030

SC solenoid
1.5T

CsI(TI) e P 3580V et
16X, \'
TOF counte ="

s | Drift Chamber

'§[l cell +He/C,H;
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Good tracking &
particle identification!

g(K)~85%, _ n /'K, detection
g(n>K)<10% Sl ViIX. det. 14/15 lyr. RPC+Fe p
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