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FFs: Generalities

. -&-Non Perturbative and universal objects that have to be

extracted from data (like PDFs)

>

-%-Scale /L*-Clépéﬂc ence Predicted bg pQCD.

. -&-Descri:)e the collinear transition

OF ad massless Parton

a massless hadron “h? carrging fractional momentum “z”.

. %-Fragmentation 1S ING epen&ent O

[ other colored Partic

. -&-Theg are needed to consis’t@ntl3 absorb ﬁnal state co

singulari‘cies.

CCq” into
es.
linear

Itis Possi]ale to arrive to an unified Aescription of all ee, ep and Pp

data in terms of a universal Fragmentation functions 77
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FFs: Properties

. %-bi~loca| operator:

D, ~ /C’Y_eip+/zy_ Try (03¢ (y ™) |hX) (hX|2)(0)|0)
Collins, Soper Bl no lattice formulation

. -&-isospin and charge Conjugation invariance
T £ il o
7T Sy i ] 7[% E ZT
Dr =DI =DI =D
. -&-Valence enhancement
L e L
;s A T
Du > Dd e Ds

.%-strangeness suPPression T ‘ua>

KT KT i
D S > D u K+ — ‘US >
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FFs: Properties

The “valence enhancement” anc “strangeness suPPression”

assump*:ions are the basis for “flavor tagging” assumPtions.

Highest momentum Particle injet resembles flavor of Parent quark.

& “E‘nergy ~-momentum Conservatlon
Z / zD"(z, ) = |

= Parton Fragment with 100% Probabilitg into something Preserving

its momentum)

“mass effects’ complete Yy sl:)oil framework of D? (Z : ,u) for

z $0.05+ 0.1 also t-evolution has instabilities when z — 0 (soft

gluons). No sgstematic way to include mass or higher twist effect

rough measure: O.K. as |ongas Ph—\/l m?

R
Ep
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Single Inclusive Annihilation

The distribution is given in terms of the structure functions,
1 e o°

2 & 2 7 ;
Gt 2 3., 2 P @) == 18 [ ()]

41 )
Tror = ) s Ca (' o P ) Total hadronic cross section
q
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Single Inclusive Annihilation

The distribution is given in terms of the structure functions,

h 0
LML ACD)
@NLO :
RGN 2 {[Df(z, Q%) + DI (z, Q%) + O‘éf )[Cq' ® [DY + DY+ C) ® D} (z, QZ)}
RGN L L ke
z = oy where P.- =(Q/2,0,0,+Q/2)
g — RS R
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Single Inclusive Annihilation

The distribution is given in terms of the structure functions,

| gl o0
o ZFH 2 FH 2
Tt dz Zq éé [ [ (27 Q )_|_ L (Za Q )}
eNLO :
RGN 2 {[Df(z, Q%) + DI (z, Q%) + O‘éf )[Cq' ® [DY + DY+ C) ® D} (z, QZ)}

Altarelli, Ellis, Martinelli, Pi?79

Furmanski, Petronzio ’82

@NNLQO. Rijken, van Neerven 96, °97
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Single Inclusive Annihilation

The distribution is given in terms of the structure functions,

1 e o
o ZFH 2 FH 2
Tt dz Zq éé [ [ (Za Q )_|_ L (Za Q )}
@NLO 2
25 (2, Q) = Z%{W( Q")+ DY (2, @) + 252 0} @ (DY + DY)+ €} DY)z, @) |

FFs clepend on energy fraction and energg scale AF evolutxon

OSSIblCtOASC : l"ath §
Lo E

it |

c_]( 7:“) .
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SIDIS

Distributions for SIDIS are given bﬂ

Gy o AR (1 — )2
dedydz® Q2 Y

q’q, S A i SR

2F|H(£E7 <H QZ) n

effective charge
A \,
A”OWS Charge/ ﬂaVor Altarelli et al.79;
sel:)aration. @NL.O Furmanski, Petronzio'82;
\ / de Florian, Stratmann, Vogelsang’98
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Hadron-Hadron Collisions

YYVY

YYVY

Transverse momentum distribution is

el e G ' S ' S '

i,9,k

It also allows charge/ flavor separation.

It contains large contributions from gluons.
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Global QCDP analgsls

Goal: Prov:cle NS EN @ Ss Tor e 1Ge

New data is commg from CERN Experlments and from all other

around the worch but there are some issues:

o -&-NLO expressions for ep and, in Particular, pp are very leng’chg
and diftficult to handle in fits

Analgsis collaboration uses technologg of spin otf and experience

jrﬁrom global ‘:itters:

& Mellin Teclﬂnique to handle exact NLO exPressions in the fit.
é fast and well-tested DGLAP evolution codes.
é vast array of NLO calculations of ep and PP at hand.
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Data selection

We include on the fits the Fo”owing set of data:

- »-SIA : all LEP, SLD, TASSO TPC and BELLE ete- “w/o
flavor tagging”

--&-SIDIS: HERMES and COMPASS for ep

o-&-HaclronA-Haclron Collisions: PHENIX, STAR, BRAHMS,
and from Alice Experiment for PP data
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Global Analgsis method

Parametrization
Dz, @) = Niz®(1 = 2)[1 + (1 —2)"1
at scale Q(Z) = GeV2 u,d,S,g
Q=my b

Normalization for different experiments
A”owing for Possible breaking of sU 3) of sea and sU (2) in favored
distributions,
+ + n + o
Dy = NDyiq De =Dy — I8
Allow flexible distributions for unfavored Fragmentations)
DT = Nyg(l — 2)DT DK = Ny (I — 2)%DK = DK = DK’
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D'(z,Qp) = Niz®(1 — 2)[1 + (1 —2)°]

5% Parameters to fit
lntegration using the
o , ,
v - Mellin Technlque
33 G
o B
Q =3
4 0 ; /
i(% 3 New grlcls using NLO
T % MSTW2008 PDrFs
Minimum Xz?? Standard X2 minimization
N
| = (MINUIT)

965
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fitis still Ok
for SIDIS

discrepancies

around 20% at most

| HCPhenonet Mid=Term Meeting



T R Bl 1 A U
: I/NDIS dNn /dZdQ2 _§§ 020=<z=<0.30 | 4 +
P \\o/o/g,—& o0 O O O O o 4 _§$¢ ..... ARy e ....... 6 6 ...... ¢ ....... + ........
N ¢
1 E_§./7—o—v—o—t—k () J _E _\\§
§ + i H —t—
- ) oo o ©0 4 1L 0 030=<z<045
W 2R ) * I
-1 \ (NN N R K ...... AA L)
10 _—§ o o (= §+ 2 2 R
3 N\
N R ) | . o :
) BRI T T B2 ' H '
/N, AN /dzdQ’ N |
[ VA e et el _§ ................................ géio .........
1 ?W E L + v Lo i
§ _\I | ' \
1§\\\‘\J _§0.655zs085 ' | l '
10 E A A | |
EN Ny ¢ t | Lo
A e —% ...... IEVER S Cae i
_2 N\
10 | I | | I L
Q*[GeV] L P

16-20 Sept, 2012

0.4

1 02

1 02
| 1 -04

04

I

1 02
- 4-04

0.4

1 02

IS0,
- -04

0.4

1 02

1 02
1 -04

g Good agreement

2 with COMPASS

3 Data range i1s going
up to 40-50 GeV

| HCPhenonet Mid=Term Meeting



10_3;_. S i _;
: do i
i E —5 [ub/GeVT]:
Q= dp 3

10 E STAR 2012 data

10 E
e EFHSEL T
10 E

9l
106 —+—+—+—+—f—t+—+—+—+F—+—+—++F+—+—++F+—+

02 F t -
_04 :_| oo Jlon nnoon Jn i in o I R B S |—
kS 5 5 10 12,5

16-20 Sept, 2012

7 3 7Y
10 o ;
i E— [ub/GeV?]
10 dp
5
10 STAR 2009 data

10

10

10

10
—— THIS FIT

10

| HCPhenonet Mid=Term Meeting



L 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 I- 3 I I I
Gl ] 10
E N 3 n0 =
E do 7. ] 102
i E g, [pb/GeV7] et
10 2L . do 2
: ALICE 09 TEV data 3 10 E== [pb/GeV7]
] dp
10 £ - I ALICE 7 TeV data
i
10
1 F E
- -2
: 10
S8
0 E 0k ]
- —— THIS FIT 4; —THIS FIT ' *
-2 10- = 3
10 e — Pt —— "+
1+ - R -
0.5 . it - 0.5 | -
ER e - . d |
0 = A T ORI e, St o . ke Jo el s o mnoods d s o o iy 0 __." ................................................................................................................ 3
05 - 05 gl Mt B Rl S T by b
1 L o | | R T A Trad T T e e o (TR | ]
1 g 3 pp [GeV] 5 6 5 10 15 20
pr [GeV]

16-20 Sept, 2012 | HCPhenonet Mid-Term Meeting



s Proﬁles

~ —— gluon

L g

Small deviations for
. u ancl sfFs

Q*=10 GeV”

SR
THIS

- DitHerences in the ¢
FIT / KRE

aﬂCl gluon
A g Fragmentation
] : : e
= THIS FIT / AKK £l Linctons

0.5 FTHIS FIT / AKK
1 1 L II 1

-1 -1
10 7z 1 10 |

16-20 Sept, 2012 | HCPhenonet Mid-Term Meeting



N &\W .
DSS o ' ' e ‘ ]

16-20 Sept, 2012

1 04
- 0.2

1 -02
1 -0.4
0.2
02

1 02

0.1

-0.1

0.4
0.2

-0.2

K109)/(A109) - ®IRD)

More coml:)licatecl bt

‘FOF kaons

tension with
DELPHI increases

| HCPhenonet Mid=Term Meeting



g2

10

10

10

10

10

L K1t
= oA ;;-A. ::: dO -
E - x1000 o 3L K+
: i Otot dz 1
E E et A AAALDDLAMNAAN A A it
i 1 Tl
= ™ — L A‘A
= o J | M
C A 2 l
- A
i i
ES .
g
L s
- K-
'”h\ "
i i l ‘
i THIS FIT - !‘“
[ ---- DSS i

0.2 03 04 05 06070809 02 03 04 05 0.60.70.8091

16-20 Sept, 2012

Z

o o
B~ W

I
—_ N W

o
—_ O
)

slclicie
s W o

o o
&~ W
K109)/(A1091]) - ®IRD

oo
—_ N W

c':c':'o'oc':
n A W N~ O

But, we have a
goocl
agreement with
the BELLE
data

| HCPhenonet Mid=Term Meeting



) LR =1 _|5 T T T &
1 F /Ny dN®/dzdQ’ _§320$“°30 i ‘f :
W = e _§° ..... S W 2

©

=
g
=
o,

p— s
i -
@)

Q” [GeV]
16-20 Sept, 2012

04
0.2

-0.2
-0.4

04
0.2

-0.2
-0.4

04
0.2

-0.2
-0.4

04
0.2

0.2
- 04

A109U3/(A1094) - ©IBD)

There is a tension
for K- data in the
COMPASS data set

discrepancies can

be of the order of
40%

| HCPhenonet Mid=Term Meeting



Conclusions and Persl:)ectives

« FFsare an important tool for clescribing observables within PQCD.

N T T NS = et be extracted Preciselg on|9 when global analgses age implemented.

. Charge/leavor seParation can be achieved onlg when SIDIS and Hadron-Hadron

collisions are considered in the global fit.

Tl’)é ﬁt 1Cor Pions and kaons have a goocl agreement with almost a” ’Cl’)é new éxperimental

results.

 Better understancling of Kaon FTs.

o Stuclg of theoretical uncertainties.
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