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SIDIS in the LARGE q_ regime

Collinear Factorization:I
do B OfS Z/CL’MAX dr ZMAX % y
drp; dy dzp, dP% 2
i BB o do; 4 o (P2 1—-x21-2 “felhe
sz(a:’Q)[da:dydquT ( Q(h z 2z D](Z’Q)

In general:

MEASURED — O = H ® ZF <« EXTRACTED from
T i experimental data

COMPUTED at FO Depending on the a  order the

in perturbation theory collinear functions will be labeled

by: LO, NLO, NNLO...

M. Anselmino, M. Boglione, A. Prokudin, and C. Turk,
“Semi Inclusive Deep Inelastic Scattering processes from small to large P_”, Eur.Phys.J. A31 (2007) 373-381
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SIDIS in the LARGE q_ regime

Collinear Factorization:I
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Comparison with COMPASS data

In this case NLO collinear functions should be used:

. = | =
LY, Pezanged |0 P = 3 L G
] I".n_."":.n_: Tmnie k :""‘5,.. = OTEIE

= e e = Akl
1= A ‘-Hm.h[:h][ xn ::::]
Y . g
@ PDFs: CT10 NLO N SR NS
- . "‘-.H_][[ -H.xm.- ]
@ FFs: DSS NLO

do dg P15

dr dQ? dzdP%/ dx dQ?
A
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Comparison with COMPASS data

In this case NLO collinear functions should be used: o=
@ PDFs: CT10 NLO
® FFs:DSSNLO
do do P15
dr dQ? dzdP%/ dx dQ?
A L 10 13 1
> qr
=02/
2= 0353
._]. ._3. . F = (D45
- £ e i 2 = 0.675
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Comparison with COMPASS data

In this case NLO collinear functions should be used: | ‘

® PDFs: CT10 NLO
® FFs: DSS NLO 10 -
do doPI5

109 -
dz dQ? dz dP2/ dx dQ? ;
A ]

101 4

> qT

102 E

10-3 ]

::10_4§

6 7
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...going to O(a ’)

A
% do / do ((we\fr—Q) s ( e e\r) 18: W B
dry;dQ*dzd P3! dry;dQ*\ aw Ak 10-3
| == DDS (LO)
“‘j, —— DDS (NLO) A
5 - qr > Q
[«
t 0.24 < z<0.30
. t 0.30 < z<0.40
a 040 < z < 0.50
t 0.65 <z <0.70

0007  0.010

J.0. Gonzalez-Hernandez, T.C. Rogers, N. Sato, B. Wang,
“Challenges with Large Transverse Momentum in Semi-Inclusive Deeply Inelastic Scattering “, Phys.Rev. D98 (2018)
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...going to O(a ’)
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...going to O(a ’)
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The role of the uncertainties

* They are known to & @ @
a good precision S

 PDF > FF
* They are affected d > @

by rather small
uncertainties i

The gluon FF is the most
difficult to determine
(especially at low Q?)

DSS are not provided with the uncertainty band

- Is there a way to estimate the uncertainty of DSS set?
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A different choice for FFs

A
u d S
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DSS at NLO
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A different choice for FFs
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Comparison with COMPASS DATA

1 0

Basically, the only change is in the “Tose, gz~ L, oozt
fragmenting gluon contribution: "’;:3_;‘:531[[]]
- ., ; '...]_.[.-[[
[
@ PDFs: CT10 NLO
@ FFs: DSS LO _:.H:“"’
do dO'DIS "t H:]*[k[[
dz dQ?dz dP2/ dx dQ?
| o R
. =027
z = 0.35

BN =045
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Comparison with COMPASS DATA

. . . 20
Basically, the only changeisin the
fragmenting gluon contribution:
@ PDFs: CT10 NLO
’% v 1
@ FFs: DSSLO
do do P15
dz dQ?dz dP2/ dx dQ?
A . ;ia?.;:‘j'-" ;3 ;’.;.;-;]-::-'“ 5
> qr
2 4 5 12
z2=100.27
Z=0D.35
:I_ 3_ 2= 045
=8 T we s 2 = 0.675

Andrea Simonelli 09/07/2019



Comparison with COMPASS DATA

Basically, the only changeisin the
fragmenting gluon contribution:

@ PDFs: CT10 NLO

@ FFs: DSS LO

do do P15

dz dQ? dz dP2/ dx dQ?
A

> qr

}

10" 4
10° 5

10714

Q2=2.3 GeV?
x=0.0254
y=0.309
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Errors and Collinear Functions

How much does the error associated to the extraction of the collinear functions affect the

SIDIS cross section at large q.?

do

dxgd0ldzape > AT (Gev)

NN PDF (NLO)

NN FF (NLO)

NEURAL NETWORK
SETS
Q? = 2.1 GeV?
z = 0.0106
y = 0.674
7
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Neural Network FFs
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V. Bertone, S. Carrazza, N. P. Hartland, E. R. Nocera and J.
Rojo, “A determination of the fragmentation functions of
pions, kaons, and protons with faithful uncertainties”,
The European Physical Journal C 77 (2017) 516
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Neural Network FFs
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Neural Network FFs

'y

WARNING!

The FFs are extracted from e* e” data, at values of Q> much larger than in COMPASS.
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NN FF at NLO vs NN FFs at LO

...Thisis what happens using a COMPASS-like Q*

g
. Lo
Q? = 100 GeV?
o N,
Q)

Andrea Simonelli
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NN FFs: Comparison in the SIDIS cross section

The error bars associated to NLO FFs are on average larger:

do
dXBj sz th dP%

vs g7 (Gev)

NN FF (LO)

NN FF (NLO)

Andrea Simonelli
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SIDIS in the LOW q_ regime

TMD Factorization: |

do
drp; dy dzp dg*

d?by
L et Ze F (z, br, 1,¢r) D (2, br, 1, Cp)

(27)2 \/

Same co!linear funct.ion.s used in TMD FUNCTIONS I
collinear factorization!

= mz" H (Q; u)/

The TMD PDF is a complex object...

\
F(x br,u,Cr) = / _ij f](w Up) X
a Q
X exp{% log (%) K (bs pp) +/ %VF (M, Z—Z)} X Mp (z, br)

M. Boglione, J.0. Gonzalez Hernandez, S. Melis, and A. Prokudin
“A study on the interplay between perturbative QCD and CSS/TMD formalism in SIDIS processes”, JHEP 1502 (2015) 095
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Normalization problem at low-q_
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Normalization problem at low-q_

i [___I-
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Normalization problem at low-q_

Low-q, cross

sections evaluated
using DSS at NLO
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Normalization problem at low-q_
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Normalization problem at low-q_
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Normalization problem at low-q_

Qz — 2.30 GeV*
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Normalization problem at low-q_
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Collinear Functions in the low-q_cross section
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THANKYOU FOR YOUR
ATTENTION!
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BACK UP SLIDES |
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A different choice for FFs

Let’s consider again the collinear factorization theorem:
O=H®) F,
i
As the order of a, increases, As a consequence the
the HARD part grows - COLLINEAR FUNCTIONS

since the phase space enlarges contribution decreases.
more and more.

For SIDIS:
! i
L=

n Andrea Simonelli 09/07/2019




NN FFs: Comparison in the SIDIS cross section

Central lines for NN FFs:

107! 5
10_3?

10_53

1077 =

do

dr dQ? dz dP% ]
A ?

109 4

> E

qr
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