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Overview

We perform a new phenomenological analysis of unpolarized
Transverse Momentum Dependent distribution and fragmentation
functions in Gaussian framework with flavor separation

HERMES data on multiplicities of unpolarized pion and Kaon
production differential in transverse momentum is used

For the first time we implement data selection that maximizes
conftribution from beam fragmentation region using collinearity
parameter R of Boglione et al 2017

Results are compared to existing analyses

This study gives us information on the infrinsic motion of quarks
inside nucleons, which is encoded in TMDs
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Unpolarized structure functions in generalized parton model

Approximately Gaussian dependence is observed in the data
Schweitzer et al, NPA (2004) & PRD (2010)

We consider Hermes multiplicities data sets.
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Unpolarized structure function in TMD parton model

We use the Generalized Parton Model which utilizes a simple
Gaussian form of transverse momentum dependence of TMDs

See for instance: M. Anselmino et al. PRD (2005)

Gaussian anzatz with flavor dependence
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The result for unpolarized structure functions becomes very simple
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Previous Extractions of unpolarized TMDs

Several papers reported results of extraction of unpolarized TMDs

TMD PDF width TMD FF width

Anselmino et al. L2) — 0.95 GeV?2 2V — 0.2 QeV?2
PRD (2005) L) PL

Anselmino et al. (k?) = 0.57 + 0.08 GeV? (p7) = 0.12 4 0.01 GeV?
JHEP 2014

—x)%x? s (2% +6) (1 —2)
- i)ai'g <PJ2_,a—»h>(z) - <PJ2_,a—»h> (2/3 + 5) (1 - ZAJ)’Y

Signori et al, JHEP (k3 ,)(z) = (k% ,) 8
(2013)

See talk of Alessandro Bacchetta

'« PennState
\S 5
Berks



€

Transverse momentum

BEerks

In FFs

0.5)[GeV?]

2 (2=

(

T I

01 02 03 04 05 06 07

P I T S N

(k%) (x=0.1)[GeV?]

Transverse momentum
in PDFs

O Signori et al 2013
D Echevarria et al 2014

B schweitzer et 0l 2010
. Anselmino et al 2013

. Anselmino et al 2013
Bl Anseimino et al 2013
D Anselmino et al 2013

From Alessandro Bacchetta’s talk



New extraction of unpolarized TMDs

We revisit the HERMES data and attempt to isolate the current
fragmentation data based on R criterion in SIDIS to see how this
affects the determination of flavor dependence of widths

Boglione, Collins, Gamberg, Hernandez, Rogers, Sato PLB (2017)

Our model describes current fragmentation

N.B. boundary between regions is not sharp
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The Collinearity Parameter & improved cuts

Ty = 0.1 Q> =2 GeV? zp; = 0.1 Q* =10 GeV? zp; = 0.1 Q* =103 GeV?

I
[0}
T

Collinearity
S o
=~ D

Py - ke
Py-ki’

R(yn, zn, xpj, Q) =

We impose a stronger cut of R< 0.3 in order to get data samples that
are more consistent with TMD factorization

fa PennState See talk by Elena Boglone
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The Setup

« We assume different widths for TMD PDF light
valence u,, d, and sea quarks (the same width
for all sea quarks): 3 parameters.

« We assume different widths favored and
unfavored for TMD FFs: 2 parameters.

« We perform two types of fits

1) Standard Cuts: 2<0.6 0.2 < Ppr < 0.9 GeV
2) More restrictive: Standard + R < 0.3
Use CJ15LO pdfs and DSS LO collinear FFs

Accardi, Brady, Melnitchouk, Owens, Sato Phys. Rev. D 93, 114017
de Florian, Sassot,Stratmann Phys. Rev. D75 (2007)
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Data Selection
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New extraction of unpolarized TMDs: proton-charged pion

Standard

Standard with R < 0.3
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Results

Standard Cuts
x>/d.o.f. =1.16
Number of points 978

(k%) = 0.54 £0.02 GeV?
(k*)q, = 0.55 £ 0.06 GeV?

(k%) seq = 0.69 & 0.05 GeV?
(p%) fau = 0.12 £ 0.01 GeV?

(P2 Vunfav = 0.14 £ 0.02 GeV?
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Standard + R < 0.3 Cuts
x>/d.o.f. = 0.91
Number of points 152

(k3),., = 0.28+0.05 GeV?

(k% )y =0.32+£0.14 GeV~

(k% Y gea = 0.55 £ 0.17 GeV?

(P2) faw = 0.17 £ 0.01 GeV?

(P2 ) unfaw = 0.15 £ 0.02 GeV?
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Extraction of unpolarized TMDs

Several papers reported results of extraction of unpolarized TMDs

TMD PDF width

Anselmino et al.

PRD (2005) (k1) =0.25 GeV*

Anselmino et al.

JHEP 2014 (k7) =0.57 £ 0.08 GeV?

Signori et al, JHEP /.2 _ 2y L —2)%a”

(20]3) < J_,a>(x) < J_,a> (1 L i,)aja
The new entry!

Albright et al,  Standard cuts

207} (k2),. = 0.54 4 0.02 GeV?

preparation v

Standard + R cufts
(k%) =0.28+0.05 GeV?
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TMD FF width

(p3) = 0.2 GeV?

(p2) =0.12£0.01 GeV?

2P 4+6) (1—2)
(Pf aon)(2) = (P o) Eéﬁ i 5; 8 - 2;7

(P%) faw = 0.12 £ 0.01 GeV?

(P2 taw = 0.17 £ 0.01 GeV?
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Results
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CONLCUSIONS

 New analysis of unpolarized TMD widths has
been performed

« We have used for the first fime ever the
collineality parameter as a discriminator for the
current region

 We find that value s of parameters are very
sensitive to the R-cut and thus ifs future
exploration is very important for understanding
of TMDs and low Q

« Future directions of our research will include
Hybrid Monte Carlo fits in order to reliably
estimate parameters. We plan to include
COMPASS data as well.
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