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hök 2
! ,ai for a = uv, dv, sea. In total, we use Þve di! erent parameters to describe all TMD

PDFs. Since the present data have a limited coverage inx, we found no need of more
sophisticated choices.

As for TMD FFs, fragmentation processes in which the fragmenting parton is in the
valence content of the detected hadron are usually deÞnedfavored. Otherwise the process
is classiÞed asunfavored. The biggest di! erence between the two classes is the number
of qøq pairs excited from the vacuum in order to produce the detected hadron: favored
processes involve the creation of at most oneqøq pair. If the Þnal hadron is a kaon, we
further distinguish a favored process initiated by a strange quark/antiquark from a favored
process initiated by an up quark/antiquark.

For simplicity, we assume charge conjugation and isospin symmetries. The latter is
often imposed also in the parametrization of collinear FFs [47], but not always [48]. In
practice, we consider four di! erent Gaussian shapes:
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The last assumption is made mainly to keep the number of parameters under control, though
it could be argued that unfavored fragmentation into kaons is di! erent from unfavored
fragmentation into pions.

As for TMD PDFs, also for TMD FFs we introduce a dependence of the average square
transverse momentum on the longitudinal momentum fractionz, as done in several mod-
els or phenomenological extractions (see, e.g., Refs. [15, 28, 41, 49Ð51]). We choose the
functional form
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(öz), and öz = 0 .5.

(2.19)

The free parameters#, $, and " are equal for all kinds of fragmentation functions. In
conclusion, we use seven di! erent parameters to describe all the TMD FFs.

3 Analysis procedure

3.1 Selection of data

The Hermes collaboration collected a total of 2688 data points (336 points for each of the
8 combination of target and Þnal-state hadrons), with the average values of(x, Q2) ranging
from about (0.04, 1.25 GeV2) to about (0.4, 9.2 GeV2), 0.1  z  0.9, and 0.1 GeV 
|PhT |  1 GeV. The collaboration presented two distinct data sets, including or neglecting
vector meson contributions. Here, we use the data set where the vector meson contributions
have been subtracted. In all cases, we sum in quadrature statistical and systematic errors
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FIG. 3. Data points: Hermes multiplicities mh
p (x, z, P 2

hT ; Q2) for pions and kaons o! a proton target as functions of P 2
hT for

one selectedx and Q2 bin and few selectedz bins. Shaded bands: 68% conÞdence intervals obtained from Þtting 200 replicas of
the original data points in the scenario of the default Þt. The bands include also the uncertainty on the collinear fragmentation
functions. The lowest P 2

hT bin has not been included in the Þt.
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FIG. 4. Same content and notation as in the previous Þgure, but for a deuteron target.
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Parameters for TMD PDFs

Default Q2 > 1.6 GeV2 Pions only Flavor-indep.
! ök 2

! ,dv

"
[GeV2] 0.30± 0.17 0.33± 0.19 0.34± 0.12 0.30± 0.10

! ök 2
! ,u v

"
[GeV2] 0.36± 0.14 0.37± 0.17 0.35± 0.12 0.30± 0.10

! ök 2
! ,sea

"
[GeV2] 0.41± 0.16 0.31± 0.18 0.29± 0.13 0.30± 0.10

! (random) 0.95± 0.72 0.93± 0.70 0.95± 0.68 1.03± 0.64

" (random) ! 0.10± 0.13 ! 0.10± 0.13 ! 0.09± 0.14 ! 0.12± 0.12

Table 3 . 68% conÞdence intervals of best-Þt parameters for TMD PDFs in the di! erent scenarios.

Parameters for TMD FFs

Default Q2 > 1.6 GeV2 Pions only Flavor-indep.
! öP 2

! ,fav

"
[GeV2] 0.15± 0.04 0.15± 0.04 0.16± 0.03 0.18± 0.03

! öP 2
! ,unf

"
[GeV2] 0.19± 0.04 0.19± 0.05 0.19± 0.04 0.18± 0.03

! öP 2
! ,sK

"
[GeV2] 0.19± 0.04 0.19± 0.04 - 0.18± 0.03

! öP 2
! ,uK

"
[GeV2] 0.18± 0.05 0.18± 0.05 - 0.18± 0.03

# 1.43± 0.43 1.59± 0.45 1.55± 0.27 1.30± 0.30

$ 1.29± 0.95 1.41± 1.06 1.20± 0.63 0.76± 0.40

% 0.17± 0.09 0.16± 0.10 0.15± 0.05 0.22± 0.06

Table 4 . 68% conÞdence intervals of best-Þt parameters for TMD FFs in the di! erent scenarios.

Moreover, the Þts prefer large values of the exponents# and $ for TMD FFs, but with large
uncertainties; the parameter%is usually small.

Here below, we discuss in detail the results for the four di! erent scenarios.

4.1 Default Þt

In this scenario, we consider all 1538 data points selected according to the criteria explained
in Sec. 3.1. The quality of the Þt is fairly good. The global &2/ d.o.f . is 1.63 ± 0.13. In
Fig. 2, the distribution of the &2/ d.o.f . over the 200 replicas is shown. Many replicas
have &2/ d.o.f . > 1.5. This indicates some di" culty to reproduce the data correctly. It
is not surprising if we take into account that the description of the collinear multiplicities
was already di" cult (see Tab. 1). It may actually seem contradicting that our Þt is able to
describe the transverse-momentum-dependent multiplicities relatively well. This is probably
simply due to the fact that the multidimensional binning has many more data points but
with much larger statistical errors.

In Tab. 2, we list the 68% conÞdence intervals of the&2/ d.o.f . also for each target-
hadron combination N " h, separately. The worst result is forD " K ! . This may be a
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Parameters for TMD PDFs
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4.1 Default Þt
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