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Parton-Distribution and Parton-Fragmentation Functions
from Global Analysis

7

eMeasurement of |P) in Deep Inelastic Scattering

}\

hadronic system
of massW 2

+
g

elight quarks/gluons (m = 0):

ﬂld"g. P? > 4% perturbative

: trinsic
2. 0(Q? > P? > O(A3, g B
P )2 ~ O QCD) P? < p?: non — pert.
W intrinsic

eParton Distribution Functions:
= (1’(61 :“2)1 Q(Eﬂ :”*2) with gpl-"roton = Pq.g
P2<p?

Parton Model: do ~ q(§ = z,u2 = Q?) ; z = 21%?

-

L

eMeasurement of FFs in eTe™ — hX h

elight quarks/gluons (m = 0):

g =4, d.s
P2 o(Ss) = P2 o O(A2 1) P? > p®:  perturbative
' w22 P? < u?: non — pert.
L LEE L
g

eFragmentation Functions:

= DQ(C”{L:Z), DQ(CHU'Q) Wlth Ph = Cpq,g
P2<p?

Parton Model: do ~ Dy(¢ = z,u* = 5) ; z = %
NLO QCD: - -
do = DS-'IS(I_LQ) ® da.ql\lb(”Z) 4 D;Ib( ) ® dé.l\l‘-y( )




Some Theory ...

m  Parton Distributions: m Fragmentation Functions:
®m Local operator product ® No local OPE (no inclusive
expansion in inclusive DIS final state)
B Bilocal operator definition m Bilocal operator definition
flz, p?) D(z, u?) o
[dn =™ O"(u?) N/A

[ dy=e =TV (PIG(y IV tY(0) |[P) [ dy~eiPT /2 Tyt (0] wi(y™) [hX) (hX|5(0) |0)

Just as PDFs, FFs are well defined in terms of ¥ € LQcD

Scale dependence enters through renormalization:

Ofi(z.pu?) _ o f OD;(z,p%) _ < p.. .
ainpz — 25 tij ® fj ainpz — 2j i ® D



Factorization Theorem in Practice:
Inclusive Hadron Production and its Ingredients

° (fa®fb)®3®Dg
o fa(wy, W12, fy(ao, pipitial)
¢ ;26 =0(1)4O[as(ur)] + -

o DIz i

SIDIS: make f, a 8(1-x)



Factorization, Renormalization, Fragmentation:

® How many scales are there actually?
m In principle 3, but:
B A strict handling is very unpractical.
B A loose handling does not really improve on setting

them all equal:
Mllgltlal = up = M;Lnal = 4 ~ pli

as(p) In (plt /) ~ O




Operative Role of FFs

(A)o(Q) = (A)PDF (%) & (&) FF (%)

* Inasemi-inclusive process, each FF g! hX
weighs the contribution of PDF "q"
differently

* Fix FFs in unpolarized reactions, "divide them
out” from the polarized data.

* Monte Carlos are not (necessarily) the same:
"Data / FF = PDF"

"Data / MC-hadronization = PDF"
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Uncertainties in FFs and their impact on

polarized PDFs (here from SIDIS)
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e Systematic Uncertainties from Fragmentation on A PDFs
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x° Analysis of e'e- Data (LEP, SLD, TPC)

Alternative model
approaches:

Indumathi et al.
Soffer et al.

-

=

From: Nucl. Phys. B597, 337 (2001) (KKP)

Theory — Measurement

Error

y

Energy Flavour Experiment FF Set No. of
[GeV] KKP K BFGW Points
29 uds TPC 0.178* 0.159 0.167* 7

c 0.876%* 0.911 0.923* 7

b 2.23%* 1.21 1.14%* 7

91.2 all DELPHI 1.28 1.51% 1.49 12
SLD 1.32 0.370 0.421 21

uds DELPHI 3.17* 0.990* 1.95 13

DELPHI 0.201 0.588% 1.00%* 12

DELPHI 0.473* 0.388* 0.401 11

DELPHI 28.9* 0.887* 1.03 12

DELPHI 0.433 9.14* 8.74 12

189 all OPAL 0.568* 0.250™ 0.414%* 11

kl\'retzer

Kniehl, Kramer, Potter

Bourhis, Fontannaz, Ciuillet, \Werlen

\
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e Charged Pions, Kaons and Sum over Charged Hadrons

lfo,  doidz

@ SLD (VS = Mz) and TPC (/S = 29 GeV?)

lifetime tagging unfolded to pure flavor samples
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Rank =

Rank = 1:
Rank > 2:
it s

Hierarchy:

/orl"he

n-Field Picture of Cascade Fragmentation
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How Well Do we now FFs in practice?

+ = + =

L ok = ST A

Dmez—w - Z ‘Uq
g=u,d,s

c;ff;{s} 1 SU(2) x U(1)
e2(s) = &3(s)

.2 2 :
3 5 (s g = 3/4
g2 (s)/é5( ]Isz‘-\-ré 4

The singlet combination

+ + + - -
™ Bl ™ K ™ ™ L m
D% =(D” +DF + D] + DI +DJ
+
b w
=2(D“

within extreme flavour assumptions
is fixed by ete= data to ~ 5%:

5r++7-'_ -

11

And similar estimates hold for D‘\S'K.

L

+ fm—
+D7 t™ )

- -+ + -
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e/ S48

meas = Dieas
+ T 1 + t
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Dy, =:Dmr':\:= :(Ds + Dg
i i
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® T 4w - DX il T
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e What is determined by the ete™ data ?
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e Comparison to Kniehl, Kramer & Potter
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Light flavour Separation from SIDIS: E. Christova, SK, E. Leader



Digested summary on e*e” annihilations:

mDetermine mainly Ds(pn' M)
m Do not constrain:

B Flavour decomposition

B Gluon fragmentation

H large z

mPrecise data at low scale desirable
(BELLE)

B More processes have to be included into
global analysis



Flavour Separation from SIDIS

e Light-Flavour

\

FFs from HERMES data:

9 (R_;j " —RE ) 5DIS

+ xt P
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ot i o 9 (Ry" + Ry )&P!S —2spL"
u 4 = 4(ut+a—s)+d+d
g -18 (R;" + Ry )op'® + [4(u+ @) +d+dDF"
D = -
s 2[4(u+ 1 — 8) +d+d]
e 3 T T T T T T

HERMES data & Dg[K(solid), KKI’(dashed)]

e Isospin:

+ —_
DI =D} =Df =DF

+ - - =+
DY =D =DI =Dr

+ - - +

PY=DF =Df =DT

e Light-Flavour FFs within Errors (from LO extraction)
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e SU(2) sector (fo+._ f}+) well determined
® D;"Jr anything within [[],D,"}Jr]

e Knowledge of D;EJr (p = DIS) within ~ 5% would fix
DT within ~ 20 — 30%
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SIDIS data and pQCD expectations

HERMES multiplicities: do(z) / s do
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x-dependence at fixed z?
At LO in QCD we have
o(x,z) / o(x)D(z)

such that

o(x,z)/o(x) ' flat in x




IS 6.y ' q(x)D(z) at not-so-high Q?
And if not ... then what?

B Process dependent
higher-twist like
interactions?

m E.g. Glick & Reya 02
suggest spin dependence
of "fragmentation” into
pions

m Strictly D, D"

B Possible effects at

O(1/Q?)




Target Fragmentation:
Z # Z

mz E~/E~r, scaledin the target frame or in
the nucleon boson frame lead to different
phase space integrals.

mz=Eh/v>0.2 (target frame, standard
definition) cuts out target fragmentation
(Fracture) contributions .

B Monte Carlo (JETSET = pQCD) study finds
such contributions (Kotzinian 03) are large.

m Monte Carlo approach is different from
pQRCD even gualitatively.



Sanity check:
Factorization

What Factorization?



Factorization # Factorization

B The pQCD Factorization is a statement about
the seperation of scales in
o(Q) = PDF (3) 7 (%) FF (3)

B The LO DIS process is so simple, indeed is
just a vertex / 5(1-x) 8(1-z) so that o(x,z) /
F(x)D(z) : The approximate (LO) factorization
of x and z dependence (following from the
one-particle "phase space” of LO DIS)

m Factorization ' Factorization for SIDIS



HERMES DIS = multiplicities
(unpolarized hydrogen target)

3 L
e / T
a NLO / |
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HERMES DIS = multiplicities
(unpolarized hydrogen target)

m The z dependence (averaged over x) follows roughly the
expectations from e* e annihilations

B The x dependence is too pronounced for an NLO QCD effect. The
correlated {x,Q?} dependence shows deviations fowards low x ' 0.05,
ie. low Q%'1GeV?.

B Maybe we are observing stronger subleading 1/Q? effects than in
the inclusive F,(x,Q?) ???



Hadroproduction (RHIC)



Recent p-p Data from PHENIX and STAR
at central and forward rapidity

o a) ““; Dala34<n<40
E w.z 8 ¢ ° mesons (()=3.8)
a 10 ~ L
E 8 } PHENIX Data “'010 E NLO pQCD calc.
= — KKP NLO o] — KKPF.F. (n=3.8)
B 10 e - Kretzer F.F. (n=3.8)
- . i Kretzer NLO -
u 10 o
% ©
10 -
©
107 2
T 1 -
10° : L
S |' |
2 SESESSTSS S i . : | . a.
S 20k L -Normalization ™,
40 1 Uncertainty =17%,
4 ¢) 10
=) = C ".
8 ?F
5 o E AT s R (pT) 14 16 18 2 22 GeV/c
S AF d) 2530 35 40 45 50 55 60 65
g 2;_ ‘-"'u.,‘ E (Gev)
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Differences between KKP and “"Kretzer" FF can be traced,
mostly, o D,(z)



The Gluon
Fragmentation
Function has been
measured

Hasn't it ?

Not quite, but we
can extract it from
global analysis.

e Gluon Fragmentation in bbg 3-jet topologies
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Partonometry of inclusive pion
production in hadron collisions
at RHIC energies

The following is a technical
decomposition into parton
processes



Fractional contributions from initial/final state partons

initial

final

Central Rapidity

ag+gq
aq
99
Dq
Dg
P, [GeV]

Forwar

d Rapidity

—F

9q

qq

3I|:| 4I|:| 5I|:| Ell:l qg
S D,

Dg

E_[GeV]




Average Scaling Variables

0.6 (2)
Central ST
Rapidity o @) = (x2)
N " (yEm2)

Forward H:/ (1)

Rapidity

" (V1%2)

(T2)

30 40

Symmetric / asymmetric
kinematics for central /
forward rapidity

Large z fragmentation is
probed. The largest z are
probed by the forward
rapidity data where quarks
with very large x are
probed as well.

Note: There is a
difference in scale as well:
It varies from small to
large for central rapidity,
whereas it's small
throughout for forward
rapidity.




Iterative Method to generate Eigenvectors:
(and dramatically improve numerical reliability)

the ¥? = const. ellipsoid

Physical
parameters
nth iteration —_
ap
]
4" =2 g+
Nth iteration: J
Eigenvector
orthonormal Si S _m—’
basis a;” =z
S_

Ax? =Ap* 3 (Y = 21X (8 -X (ST

CTEQ (W.-K. Tung et al).
PDFs

Similarly exploit the
heighborhood of the y?
minimum of FF analyses

7(@) = POF (£) 7 () FF (5)
= 60 [§PDF, §FF]




Partonic strangeness asymmetry

(s —5) (x)

m Probes baryon-meson fluctuations and
borderline between pQCD and non-pQCD

B Enters precison physics via the "NuTeV
anomaly”

B Is uncertain at present, with little future
perspective other than, perhaps, from
SIDIS



, _ Phys. Lett. B381 (1996)
Theoretical expectations:

S. Brodsky & B.-Q. Ma (1996) T
p ! A K* fluctuation

dy x L d x
s(z) = / —f\ﬂ\H( )qs/A ( ) ;o s(x) = / _—th-'+ﬁ\-'+..-\(y)f}‘;;n'+ (—) s
Y Y z Y Y

—_
>
—
w
[2=]

More recent results:

F.G. Cao & A.I. Signal (2003)
A.W. Thomas & W. Melnitchouk & F.M. o0 0 0808
Steffens (2000) e e

Figure 1: The momentum distributions for the strange quarks and antiquarks in the
light-cone meson-baryon fluctuation model of intrinsic gg pairs, with the fluctuation
wavefunction of Kt A normalized to 1. The curves in (a) are the calculated results
of s(x) (solid curves) and 3(x) (broken curves) with the Gaussian type (thick curves)
and power-law type (thin curves) wavefunctions and the curves in (b) are the corre-

And phen0m6n0|09y fl"0m' sponding §,(x) = s(x) — 5(x). The parameters are m, = 330 MeV for the light-flavor
quark mass, m, = 480 MeV for the strange quark mass, mp = 600 MeV for th( spec-
v BGF‘OH@ & C PGSCGUd & F Zomer' (ZOOO)IaIm mass, the universal momentum "sf‘ﬁ](‘ a = 330 MeV, and the power constant

p = 3.5, with realistic meson and baryon masses.




The Paschos-Wolfenstein relation

_ oNC_NC
R~ = cc ccﬁz sin? Oy

has been measured (NuTeV) to deviate
from the SM expectation by » 3

1 7 S
R~ ~ ——sm Ow — (——gsm @W)u

Q]
O ]_/ do uv($)+dv(ﬂ7)

[S7] E/O dx (s —35) (x)

(s —35) (xz) # 0 could explain or reduce the
discrepancy.




Lagrangian multiplier results for [S-]:

ué data M

Other (less) sensitive

data \

Rule of thumb:

The 3 ¢ anomaly
corresponds to

[ST1£100'0.5

-0.2 0 0.2 0.4

[S—=]x 100



Future prospects for [S]?

®m W and associated charm (jet) g

production: |
conceivable @ Tevatron, RHIC, LHC
S SN W

But statistics (efficiency driven) s >
and high scale are unlikely to per'mi‘r Baur, Halzen, Keller, Mangano, Riesselmann

to access a small asymmetry.
B CC charm @ HERA: ditto

M Lattice:
The moment [S-] itself does not correspond to a local operator.

Higher, uneven moments (n=3,5,...)

1 —
/O dz "1 (s=35)(z) ~ (N| U~yMLDF2  DFys | N)

Y
O

can be related to local operators and could presumably clarify the sign
of the x! 1 behaviour, though not the magnitude of [S-].

m Semi-Inclusive DIS?




What could one learn from SIDIS?

B Current fragmentation into strange hadrons:
us) , |iis) , luds) , |uds) , ..

is challenging for all the non-strange background
fragmentation channels. A good knowledge of the
corresponding FFs would be required.

B An asymmetry between strange and anti-
strange target fragmentation / fracture products
might be more promising?

Energy conservation:

S [dzzM?3(x,z) = (1 — x)s(x) X

IAD—é} (1-x)



Backup Slides
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The Lagrange Multiplier Method in Global Analysis

2-dim (i,j) rendering a, X: physics
 of d-dim PDF variable
parameter space I X/ |
., bowants  contours of X* alobal
. [S] .
Constrained fits using o %
modified %2 function: / C
"""" MC sampling -
V(A a) = Xg;lobal(a) + AX (a)
LM method

and vary A over an appropriate range.
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