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Introduction

. B 1
* Increasing needs for the FFs L g @)
— Hadron production process by collider % 10” I
experiments: p+p—>h+X o 10° _;’;ﬂ;‘fm
e X-section: o = Z f (x,,Q%) e f (x,Q%) ,E 10" o Kretwer FF
a,b,c i 10"
® 6 (ab— cX) e D" (z,Q?) 10"

Consistent with NLO pQCD calculation in 8t .
order for pion production X-sect!

 Reference for the QGP at RHIC and LHC £ nE . TI | [ b)
« QCD back ground for searching beyond SM ‘g -z:::_ AT J
e Determination of gluon spin component Ag 'T: : =
— Semi-inclusive DIS: €+ Pp—>e+h+X g ! _—4:—&»3’53“&.5
» Flavor decomposition of longitudinal §:F PR d)
polarized anti-quark distributions R e NN e
e SSA(Single spin asymmetry) coming from the 0 5 0 i
Sivers functions Pr (GeVic)

PRL91, 241803 (2003)
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Fragmentation Functions & their uncertainties L]

15

Fragmentation Functions(FFs) | gluon

Q%=2GeV?

1
— Information of hadronization
e Containing non-perturbative object

— Global analysis with experimental

] =-=AKK ---Kretzer

data of e*e~ annihilation process f/iMAissssassASaARES s
— Uncertainties of FFs? = .l uguark | | squark
— ] 2 _ 2 ] 2_ 2
* Gluon FF: large uncertainty S Q — Q°=2Gev
[
a
N

* Model dependence of analyses?

— HKNS: PRD75, 09400 (2007)

— B. A. Kniehl, G. Kremer, B. Potter: NPB582,
514 (2000)

— Kretzer: PRD62,054001 (2000)

— S. Albino, B. A. Kniehl, G. Kremer : NPB725
181 (2005), NPB803, 42 (2008)

— D. Florian, R. Sassort, M. Stratmann: PRD75,

n b quark
13 Q? = 100 GeV?

114010 (2007) 050 0% 04 o8 08 1% 02 04 06 08 1
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Global analysis of FF e"e” — h*X

* Cross sections: observable e h

1 do” ( a(QZ)] ,_
Focory =———1 O =200 | 1+ D/(z)
theory . dz tot Zq: 0 jn

E_ 1d_§ 2 2 h i 2
a4z —ZL £ Ci(&,Q% ue r) D, (guuF]

— - e+

Coefficient Function Fragmentation Function

calculable in pQCD extracted from experiments
7= ZF%Z-Q _25 . scaling variable
: Q Q
e DGLAP equation: 2
_ 0 2_055(Q) 1dé& z h 2 e _
3In0? D,(z,Q%) = TZIZ?RJ E,as D, (f,Q ), P; t]—i splitting function

~ Scale: Q=p =g =Vs: center of mass energy
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Belle experimental data

i,. " (Statisfical. Syatematic Uncaraintes)

* Final Belle data (Vs =10.52GeV) £t

T ki [statistical, Systsmatic Uncartainties)

— Phys. Rev. Lett. 111, 062002 (2013) s “Fg
— Z(=2E,/Ns): 0.205-0.975 ha:
— 78 points W‘E
— Correction factor for total x-section 1“*;
 C,5z=0.65 (estimated by PYTHIA) 10 ettt e

[6(QCD.e"e” — qq) R prep ]‘ £y 05 =[6(QCD,e"e¢” = qq) ® p,,]-0.65

— Differential x-section

s 1 (dg ] - 1 d[o(QCD.e*e” — q7 — 7K + X) (03|
Belle — = — — N
Ootpete \ 4= Jgare [[6(QCD.e"e™ — q7) ® pyp ] 05D d- 7{ Epp<0.5%5

correction is included in
systematic errors

-
-

e 1 ( d o ) asnmiedx 1
theory

o z dependence for ISR
o (O 0.65]{_ d= ]BEH&

tot theory
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BaBar experimental data

 Final BaBar data (Vs =10.54GeV)
— Phys. Rev. D88, 032011 (2013)
~ X,(=2py/ \s), p,=0.225 - 5.135 (GeV)
e 2=0.051-0.972 (45 points)
e 36 points (0.1<z<0.83)

— Modified leading logarithm approximation
(MLLA) at the small-z (z<0.1)

— Cutting the data for the small and large-z
(unknown resummation effects)

— Reported two data sets
 Prompt (strongly or electromagnetic)

— Primary hadrons or products of a decay cha
in in which all particles have lifetime shorter
than 1011 s

 Conventional (adding weakly decay)

— Adding the decay daughters of particles with
6/11 lifetime in the range 1-3 x10-11s

(1/Nyie) dni/dx,

= K (x0.5)
L+ plp(x0.25)
m—ri — UCLA

— = JETSET

-—- HERWIG

1[}_ pa v ol ey s by v sl ey sl

0 02 04 _ 06

Xp



@
Fragmentation functions of pions L

* Functional form of initial distributions at Q,?

e DI (z,Q¢)=N7 2" (-z2)" | D; (2)=D; (2),

D} (2.%5)=D5 (.Q)), D7 (2) = 2+ D )

q
v v 2

Dy (Z,Q§)=Dd,s1§(Z,Q§), (3,02 <Q? 2
S . ,Qy <Q° <m;

D7 (z,m?), DL, (z,m;), ) mf;<Q2<m2 Q2 =1GeV?

D" (2,Q%) (,8”+ =8.0 fixed l) R 5, m <Q’ <m2' M, =143 GeV
(9 e ' 6’ o, m =43GeV

| 6,m <Q

e Constraint condition
— 2"d moment should be finite and less than 1

° N — M 2nd F(O(+,3+3) ’ M 2nd EjlzD(Z)dZ,
[Na+2)I'(L+1) 0
. .MM =1(momentum conservation)
h

— a, >-2, B >0, O<qu”d(:folzD:(z)dz)£1
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Trial analysis of FF for pion data

* Fixing C,sg=0.65 (Belle)
 Showing the similar behavior . . . .

to the Belle and prompt data §$ SRR it
set in the range z=0.2-0.8
 Over shooting the S : ; E
BaBar‘conventional data % 4:_2 L E& lﬁfﬁ E s
« However, appearing the 2 R T
critical difference between i & -._..._-H..mm.;i EE SN ==
the BaBar data sets in the o , , , -
range z=0.2-0.5 L T Lo -
— Small errors of the data ? 05 e ORLPHE)
— Using the conventional data set a 02 04 06 08 :

as the BaBar data for keeping
consistency with other data sets
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Including normalization factor in analysis |O|

0.1 0.2 | | o
e The d’Agostini bias 02 [ ATV GA05 Gl
01 -
— <T>~T(1 -f(GNorZ)) -0? __ T gy sw e msRaanand 18
« Optimized parameter <T> has a I s e —p——+—
downward shift ! . A=12-58 GeV I"f .
1

R P Ehﬁ i . L
-0.5 ~TASSO t+—=— TF'C e TOPAZ
T T

. JHEP 1005 (2010) 075

(Data-Theory)/Theory
o
[42]

 Definition of 2 (Penalty trick) 08 [ o M"Z'""j("?'(sLD)"‘I"Q"—>41 """
2 2 0 [—esmesmseieeie Ten Ty TS et ¥e 2B = z =4 IE __________________ i B
_ _ £y
—_— Z Z (T / N ) + (NJ 1) 05}t SID++« 1 DELPH —~— ALEPH orAL | | } E
Z 2 05 Lo — — = 7 | I— | |
O-expl O-Nor,j ’ Q=Mz (52 % }
. . . 0 5= .‘—_—'{"—"—’!—-"-—‘?‘w—_—h—i—ﬁ i-_—.r.—.l:_g—z—iij -; t ¥
— N is normailization factor which is os SLD(LQ) -+ SLD(B) —a— stoicf (it F
. L. -0.5 |- DELPHILQ) —v— DELPH(B) —v— | | —
determined by fitting 0.1 1
i

— Opor IS NOrmalization uncertainty

of experimental data for = and k (# of data) m

(Not mc;lude in the systematic Belle (78) 24.1 20.2 0.94
errors in general)

* Belle: 1.4% BaBar(36) 44.9 96.7 0.90
9/11 « BaBar: 0.98 %



'.O'.
FFs of the k* from the Belle and BaBar data

0 _1 466 0. 2

 Flavor dependence of the Y S,
kaon FFs cannot be 01 A il
determined uniquely ! i
— Adding FF for the strange = 3 i K }f‘” 55139? pre\“‘“
quark %‘. 05 ;TASS(-)-I—I—l TPC ——  HRS »—Al “TOPAZ i— -
— Several solutions exist near % 05 rrmremmr e

minimum point of y?2 E o —F%ﬁl?’if Tiiﬁ; ?F%Hﬂﬁ%u 3 1
— MLLA behavior becomes D5 SLD et DELPHI- el AEPH - | OPAL et i
pronounced 05 T I v e
— If these data are cut, M>M,, _U_: I DE;EEE% E DEfFEEB; o o HJ _____ L

e Strongly depending on a

parameter of the gluon (o) (# of data) m

e Obtained different values of
the normalization factor N, Belle(78)  32.0 89 1.04

BaBar(42) 498 10.4 0.94
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Summary @

 Global analysis of FFs including the new data from the Belle
and BaBar experiments
— High precision measurements for the pion and kaon productions
— Expect improvements for the determination of the gluon FFs via Q?2
evolution (Q=Vs: 10.5 ~ 91 GeV)
 Reduction of the uncertainties for the u, d, c quarks and gluon
— Changes of the FFs for the u, d, c quarks in the rather small-z region
* The precise data covers in the region (z> 0.1)
— Great impact on the determination of the gluon FF, especially !

— However, increasing 2 of the SLD and ALEPH data for the light &
charm quarks

 Showing conflict behavior among the these data sets at the large-z, why?
* Why is so different normalization factors between pion and
kaon data ?
- Belle (c,,,=1.4%) : N*=0.94, Nk=1.04

— BaBar (o,,=0.98%) : N*=0.90, Nk=0.94
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