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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
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 usedin global FFfits

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

A@%@I@iﬂcn: single p@;e}ns/

BELLE PRD92 (2015) 092007
=) L
y E‘\,%‘ - p+p
8 107k E
10°E -
10 TG F
4 - [®0Data UG e LEP/Tevatron N . i
e Pythia default - \
- -+ HERMES .
1035 """ Be”e
E o ALEPH old Belle
2—LIII|IIIIII|||||||||||||I||||||||||||||I|||| |||||||||||||||||||||||I|||||||||||||| ||||||||||||||||||||||I|||||
100.1 02 03 04 05 06 0.7 0.8 0.9 02 03 04 05 06 0.7 0.8 0.9 02 03 04 05 06 07 08 0.9
z z z
2 C
50 TH4T K*+K
(=] -
B = ;
s .
w P
3
o
oL —— Pythia default/Data . || e LEP/Tevatron / Data Y
S Belle / Data R HERMES / Data
— ALEPH / Data old Belle / Data
10—2|||||||||I||||||||||||||I||||||||||||||I|||| ||||||||||||||||||||||||I||||||||||||||||||'|'-'||||||||||||||||||||||||I|||||||||-'-|-'-"-"-‘
01 02 03 04 05 06 07 08 059 02 03 04 05 06 07 08 09 02 03 04 05 06 07 08 0

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
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- sample for various hadrons

MC simulation

Rl DS 0.10<2,<0.15 ll':'. 0.15<2,<0.20 l===. 0.20<2,<0.25 l!i " 0.25<2,<0.30 rl "
8 F ] P g ! £ !!!
e it i ]

50 e

035<z,<0.40 0.40 <z, < 0.45 0.45 <z, <0.50 0.50 <z, < 0.55 Er 0.55 <z, < 0.60

daidz dk  [ib]

\)
P oidz dk_ [Tb]
33333
=)
[
]
e ]
(2 ]
Ny
(1)
[ ]
(3]
[ ]
(=]
2
e
a
Tﬂﬂlrrﬂlllrﬂﬂlr
iy
]
-y
|
[ ]
(1)
»
L)
]
»
o
a
e
=
1......,.m—rnmrrmr|-rrmr
[ ]
]
>
(3]
(3 )
(3]
)
[
o
a
e
&
Wﬂlrﬂﬂlr
]
]
L]
L]
L
(=1
o
o
3
L
[
(=1
2
o
&

o !
dzdky .

o 085<2,<080 [ 090<2,<0.95 [ 095<2,<1.00 K [GeV] kr [GeV]

[fb]

S
of
n
ra
o
wn
n
e
e
in

dPoidz di

v 05 1 15 2 R R T - e T -
K [GeV] k Ky [GeV] K [Gav]
é T
KEK-HN2017, January 7, 2017 R.Seidl: Fragmentation measurements in Belle 9 @

RIK=H



M?k)—/
T4 \VIC examp =

Fit exponential to smaller transverse momenta for
Gaussian k; dependence and power low at higher k;
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BELLE

MC Gaussian widths

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

convolutions) measurement of z dependence of Gaussian &
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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
. B @

KEK-HN2o017, January 7, 2017 R.Seidl: Fragmentation measurements in Belle

RIK=H



BELLE W e 7 quark
e | antiquark
Generally look at 4 x 4 hadron ) VR

combinations ( &, K, +,-)

e Keep separate until end: only 6
independent yields

3 hemisphere combinations:
e same hemisphere (thrust >0.8)
e opposite hemisphere ( thrust >0.8 )
 any combination ( no thrust selection)

16 X 16 z, z, binning between 0.2 - 1
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W3 Correction chain

PID mis-id PID matrices (5x5 for cos 6,,, and MC sampling of inverted matric
PLap ) element uncertainties

Momentum MC based smearing matrices SVD unfolding vs analytically

smearing (256x256), SVD unfold inverted matrix, reorganized

binning, MC statistics

Non-qgbar BG eeuu, eess, eecc, tau MC Variation of size, MC statistics

removal subtraction

Acceptance I (cut In barrel reconstucted vs udsc MC statistics

efficiency) generated in barrel

Acceptance 11 udsc Gen MC barrel to 47 MC statistics

Weak decay removal udcs check evt record forweak ~ Compare to other Pythia settings
(optional) decays

Acceptance III Extrapolation to |cosO|=>1in (Fit Fit uncertainties
to MC)
ISR Keep event fraction with E>
0.995 Ecpmg
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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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-Ratios to opposite charge pionpairs

R ~ Dfm)(zl)Df(w(ZQ) +Ddzs(21)Ddzs(Z2) ﬁ
PRD92 (2015) 092007 Ddzs(Zl)DfaU(ZQ) + Dfav(zl)Ddzs(ZQ)

n*nt comparable to &

+ - %G.B?—]%W@@ L= ?ﬂ*ﬂ*ﬂwﬂ%@ w%
nt at low Z, € oaf B ok “*”*ﬂ
decreaSIng 2 "f o ' 'Ir-“: It 045<2,<050 | 0.50 <z, < 055 ol.as 0.60
towards high z:

‘%* E'EW@ ;:DWD D%m% ::DLDFEHD*WD 5 D%m@%@ __ﬂﬂ*ﬂ*‘:‘m DL‘:‘*’D@%@W
- Favored and o - 5
dISfaVOred % ‘: 0.60 o.lsa : e 0.65 <z, <0.70 : cln.mql 0.75 : 0.75 <n.lao
fragmentation ;o -
: : g 0.6 g, - e C Hhen g, = =TI
similaratlow z =~ £. g e | Smey | e,
0 0.2F of - aE T
9 DISfavored . |.c':_ I I I L L L L :_ I I I . I I I :_ I | | | | | | :_ | L L
much smaller at ; * SR | L =
high z . e . ]
: e U S
"o, | may | N

.
02 03 04 05 06 07 08 09% 0.3 04 05 086 07 0.8 3.922 03 04 05 06 0.7 08 0.9% 03 04 05 086 07 08 LUQZ’!

KEK-HNz2o017, January 7, 2017 R.Seidl: Fragmentation measurements in Belle


http://arxiv.org/abs/arXiv:1509.00563
http://arxiv.org/abs/arXiv:1509.00563
http://arxiv.org/abs/arXiv:1509.00563
http://arxiv.org/abs/arXiv:1509.00563
http://arxiv.org/abs/arXiv:1509.00563
http://arxiv.org/abs/arXiv:1509.00563

<> /
ﬁe/’sulfs fordiagonal'z, z; bins

BELLE
!;](;;vgfacllommates PRD92 (2015) 0920(]5i agonal z,,2, bins 7\
I : . -
—>Well defined, 3z g 3 K 2 K'K
~ F hemisph e, -
all tunes agree 1o R ;
E‘ms? :
High z not well 0% |
measured, 10 o date = LEP/Tevatron " ~.. :
es eC|a” at 102;7— PYTHIA default ‘ B HERMES Y\ E
B Fl)l y . §|Be‘lle|‘| ..‘.|.‘9|9|‘B.?".?...‘|. | |l_
elle energies:
. = 107E 3
~large spread in ;. - -
tunes N oF
B 107 3
% -
. 10%E 3
Default Pythia ol :
. 3 : - 3
settings and o ey O
Current Be”e EI\II\I\ E|||||||»E|||\ Predyiy ..
: : 02 0.3 0.4 05 0.6 0.7 0.8 0.9 0.3 04 05 06 0.7 0.8 0.9 03 0.4 05 06 0.7 0.8 0.9
setting with good 2,2, 2,2, 2,2,
agreement
KEK-HN2o017, January 7, 2017 R.Seidl: Fragmentation measurements in Belle 17 .

RIK=H


http://arxiv.org/abs/arXiv:1509.00563

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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B ;i S 110y S III\|IIII IIII|III\|II\ 1
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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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=4 Hyperon'andcharmed |5
LD | ——
85l >.{dds,uds,uud}
baryons 5(1385)3/2'
— 10 -1 Taken from Hadron13 talkl ={dss, uss}
* 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 :
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e=rrl Single A polarization measurements

YingHui Guan (Indiana/KEK):
arXiv:1611.06648

Fragmentation counterpart
to the Sivers Function:

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

: "B,
baryon with transverse
moment.um VYI‘t to S o.0siza binning 020.3,04,0507,09]
parton direction g oo anti-A
. 5 ooz A anti-A data ratio
Reconstruct A, 1tS transverse ﬂ_:_' S e
. . - UE’_ "
momentum and polarization <o S B
=0 ':'E!-f
O 63 64 0% hE 07 0E 68
E.ﬁ.ﬁ ﬁ
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O emlsphwere pion correjaj;rm/

Interesting z_and z,
dependence :

At low z, light quark
fragmentation
dominant, some charm
in ©~ = different signs

At high z, strange +
charm fragmentation
more relevant - same
signs
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z truation of spin-dependenﬂ{

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
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http://arxiv.org/abs/arXiv:1505.08020
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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
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