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Motivation

At the more fundamental
level we would like to

learn about confinement and

.\'mdr{)nizati{)n /

factorization theorems,
important theoretical tool




Unpolarized SIDIS cross section (current region)
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+ large gy corrections + power suppressed terms
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- Ultimate goal,
QCD pICture great predictive power.
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Several complications in phenomenology



- Ultimate goal,
QCD pICture great predictive power.
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Simple partonic picture (useful starting point)

fQ'/P(xa ki) = fq/P(x) hf(kL) easy to implement,
generally leads to

interpretations of
Diyg(z, p1) = dnyq(2) ha(py) limited validity



TMD extraction

Full QCD picture:
perturbative corrections,
evolution equations ...

Ultimate goal,
great predictive power.
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binned

integrated
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Ingredients for extraction of Collins function.
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Ingredients for extraction of Collins function.

Unpolarized TMDFF &TMDPDF
from previous Analysis of SIDIS data
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TMD evolution?
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Results on pion Collins function
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binned

integrated
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Simple parton-like picture

’_ Q°=17.36 GeV”>
y =0.45 COMPASS Pit distributions exhibit

prsten mild, but noticeable Q? dependence.
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Comparing both analyses
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Need to consider

full QCD picture.
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TMD extraction

Simple models:
gather as much
intel as possible

Full QCD picture:
perturbative corrections,
evolution equations ...

easy to implement,

generally leads to

interpretations of
limited validity

Ultimate goal,
great predictive power.
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The Matching Problem in SIDIS

{Q?, xg, Put, zn } q1r=Phr/Zn
A CSeC
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(Collins-Soper-Sterman) (Collinear Factorization)

20



The Matching Problem in SIDIS

{Q?, xg, Put, zn } q1r=Phr/Zn

A CSeC
Works for SIDIS at high enough, Q? > 10 GeV?,

energy flow (integration over zn)

Nadolsky, Stump, Yuan
DOI: 10.1103/PhysRevD.64.059903
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Boglione, JOGH, Melis, Prokudin, JHEP 1502 (2015) 095

Y 8217 GeV. Q°=10 GeV*
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(no Y-term)
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Y-term ? ‘
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*No smooth matching




Y-term ?
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Some progress..

J. Collins, L. Gamberg, A. Prokudin,
T. C. Rogers, N. Sato, and B. Wang
Phys. Rev. D 94, 034014 (2016)

» *Large Y-term at small qr
*Small cross section at large gr

Improved matching prescription. *No smooth matching

Still some trouble with sizable

Y-term at low qr *Delicate kinematics



Some progress..

Boglione, Collins, Gamberg, JOGH, Rogers, Sato, 'Large Y-term at small qr
Phys.Lett. B766 (2017) 245-253

*Small cross section at large qr

*No smooth matching
Kinematical Region of validity of

TMD formalism *Delicate kinematics



factorization theorems for /

different leading regions /
Fracture

Functions
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1,
Yh = 9 log P_h_
Observable

Yk f 1

One may take

this into account, at least
when defining
kinematic limats

\\

for current/ target region

Yh
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K¢

Power counting and

kinematics of the
K;

current region
current region

small masses

l require small values
Py ki = 0fr) for
Py ki = O Q°)

[ notice quark momenta

hard scale have to be estimated
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a better set of variables?

{Q2, xB, Put, Zn }

*ONLY AN
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a better set of variables?

{Q2, xB, Put, Zn }

*ONLY AN

EXAMPLE
qr=Phr/Zh  Yn

FaE

= A
' F riiliiyy
Ll

Ty

] " ‘ ¥ [ §
= FE_

" g 3 XYy Tl It

k

.. Hadron separated data  ;,_
== would be extremely useful T

e for this. ".:.,,.,:f:ﬂ

Q°=7.57 GevZ ¥ ! 9
Tp—9.32e-02 Q"=7.57T GeV
' ' rg—9.32e-02

2]

..:.

0.256 0.50 0.75 1.00
Py (GeV)

only-W analysis

precise implementation of
the R criterion on data is

work in progress 32




some examples of the research in
theory and phenomenology motivated
by the COMPASS multiplicities

Ongoing work

®Large Y-term at small qr
B. Wang, N. Sato,
T. Rogers, JOGH

®Small cross section at large qr «—
®* No smooth matching
®Delicate kinematics

e criterion for TMD region
® precise implementation on data
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Final Remarks

Currently, we are moving from simple parton model pictures to
full QCD picture.

Need to describe regions of low and large transverse
momenta simultaneously.

More work to be done, it's important to take a step back and
think of the theoretical issues ( solving the
“matching problem” at delicate kinematics).
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Final Remarks

Simple models are still useful. One should be very careful
with interpretations (Think of these as preliminary
sketches)

Why does a simple partonic picture is appropriate
sometimes?

Is it possible to extend the current TMD formalism?
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Thank you.
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Impose
rapidity cuts

i

current region

20—

Alternatively,
require small values

for

notice quark momenta
have to be estimated

Zp
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