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Cross section and TMD structure
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2-D TMD evolution
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Coupled evolution of TMD …
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Ambiguity in the TMD evolution
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Coupled evolution of TMD and truncation of the perturbative 
series
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Ambiguity in the TMD evolution
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Coupled evolution of TMD and truncation of the perturbative 
series



Ambiguity in the TMD evolution
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Coupled evolution of TMD and truncation of the perturbative 
series

In practice due to the truncation of the perturbative series:
Transitivity and reversibility of evolution is lost
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For Q=Mz the solution path 
dependence enormous: 

 at b=0.5 an error of about 18% 
at N3LO on the un-resummed 

evolution factor R



2D Evolution field: Notation and ideal case
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The evolution scales
are treated  equally
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2D Evolution field: Notation and ideal case

!11

=saddle point

Singularities: Landau pole (on the left, not shown) and saddle point E(~⌫saddle, b) = ~0
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Special null-evolution curves:



Truncation of the perturbative series
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The path dependence is enhanced by the difference in  rapidity scale

At large value of impact parameter the  breaking of integrability condition becomes crucial
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Recovering path independence
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E(~⌫, b) = Ẽ(~⌫, b) +⇥(~⌫, b)
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Helmholtz decomposition
of evolution fields

curlẼ = 0, ~r · ~⇥ = 0, Ẽ ·⇥ = 0.
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of evolution fields
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Ideally one could
repair the truncation
using decomposition of 
the evolution field

However in order to fix
completely the evolution potential
one needs boundary condition for

the evolution field:
at the moment no theoretically solid

non-perturbative input is known



Recovering path independence
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Improved D scenario
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This is a mixture of 

solution 1 and 2. 

The solution dependence

is parameterized by µ0
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conventional

scale  

µ0
<latexit sha1_base64="s1RbWj6yFfnP5GCrtBxOFxvR64s="></latexit><latexit sha1_base64="s1RbWj6yFfnP5GCrtBxOFxvR64s="></latexit><latexit sha1_base64="s1RbWj6yFfnP5GCrtBxOFxvR64s="></latexit><latexit sha1_base64="s1RbWj6yFfnP5GCrtBxOFxvR64s="></latexit>

The truncation effects should be minimized by the choice of µ0
<latexit sha1_base64="s1RbWj6yFfnP5GCrtBxOFxvR64s="></latexit><latexit sha1_base64="s1RbWj6yFfnP5GCrtBxOFxvR64s="></latexit><latexit sha1_base64="s1RbWj6yFfnP5GCrtBxOFxvR64s="></latexit><latexit sha1_base64="s1RbWj6yFfnP5GCrtBxOFxvR64s="></latexit>



Improved      scenario
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Clear advantages: 
• No more the intermediate scale 
• Path independence 
• Simplicity 
• We achieve a clear separation of evolution and non-

perturbative  part of the TMD

µ0
<latexit sha1_base64="s1RbWj6yFfnP5GCrtBxOFxvR64s="></latexit><latexit sha1_base64="s1RbWj6yFfnP5GCrtBxOFxvR64s="></latexit><latexit sha1_base64="s1RbWj6yFfnP5GCrtBxOFxvR64s="></latexit><latexit sha1_base64="s1RbWj6yFfnP5GCrtBxOFxvR64s="></latexit>

�
<latexit sha1_base64="3e2XRV5F6lR35ExMrrwyCn+yWR4="></latexit><latexit sha1_base64="3e2XRV5F6lR35ExMrrwyCn+yWR4="></latexit><latexit sha1_base64="3e2XRV5F6lR35ExMrrwyCn+yWR4="></latexit><latexit sha1_base64="3e2XRV5F6lR35ExMrrwyCn+yWR4="></latexit>

�M (µ, ⇣, b) = (�(µ)� ��(µ, b))l⇣ � �V (µ)
<latexit sha1_base64="xypHyyEaYXO+rcWol+IjdsQwWW4="></latexit><latexit sha1_base64="xypHyyEaYXO+rcWol+IjdsQwWW4="></latexit><latexit sha1_base64="xypHyyEaYXO+rcWol+IjdsQwWW4="></latexit><latexit sha1_base64="xypHyyEaYXO+rcWol+IjdsQwWW4="></latexit>

Ũ(~⌫, b) =

Z ⌫1 (�(s)� ��(s, b))s� �V (s)

2
ds�D(~⌫, b)⌫2 + const(b)

<latexit sha1_base64="u+NlGLf8SVGGwHzHwhdB+fJbnp8="></latexit><latexit sha1_base64="u+NlGLf8SVGGwHzHwhdB+fJbnp8="></latexit><latexit sha1_base64="u+NlGLf8SVGGwHzHwhdB+fJbnp8="></latexit><latexit sha1_base64="u+NlGLf8SVGGwHzHwhdB+fJbnp8="></latexit>

lnR[b; (µf , ⇣f ) ! (µi, ⇣i)] = �
Z µf

µi

dµ

µ
(2D(µ, b) + �V (µ)) +D(µf , b) ln

 
µ2
f

⇣f

!
�D(µi, b) ln

✓
µ2
i

⇣i

◆

<latexit sha1_base64="j9UkIrWXxB5JrerTQay1+GZOkrM="></latexit><latexit sha1_base64="j9UkIrWXxB5JrerTQay1+GZOkrM="></latexit><latexit sha1_base64="j9UkIrWXxB5JrerTQay1+GZOkrM="></latexit><latexit sha1_base64="j9UkIrWXxB5JrerTQay1+GZOkrM="></latexit>
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We can provide evolution first on 
an equipotential line

and then on a vertical line.

Equivalent TMDs: equipotential lines
The 2-D evolution just connects 
TMDs on different equipotential 

lines



TMD on equipotential  lines
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The TMDs  one equipotential lines are not evolved so one can define a TMD by a single parameter line  

F (x, b;~⌫B) = F (x, b;~⌫0B), ~⌫0B 2 ~!(~⌫B , b).
<latexit sha1_base64="QERFU5lBjzI2B9vTOD7umtbL79k="></latexit><latexit sha1_base64="QERFU5lBjzI2B9vTOD7umtbL79k="></latexit><latexit sha1_base64="QERFU5lBjzI2B9vTOD7umtbL79k="></latexit><latexit sha1_base64="QERFU5lBjzI2B9vTOD7umtbL79k="></latexit>

One can have an evolution only when moving  between different lines

F (x, b;~⌫B) = R[b;~⌫B ! ~⌫0B ]F (x, b;~⌫0B)
<latexit sha1_base64="jsLonTn5RUeid6mxZeAeIciU6HU="></latexit><latexit sha1_base64="jsLonTn5RUeid6mxZeAeIciU6HU="></latexit><latexit sha1_base64="jsLonTn5RUeid6mxZeAeIciU6HU="></latexit><latexit sha1_base64="jsLonTn5RUeid6mxZeAeIciU6HU="></latexit>

Outcome: the modeling of the non-perturbative part of the TMD does not depend anymore 
on the relation between renormalization scale and impact parameter.

Question: Is there a preferred line?

Left fo
r Technical 

discu
ssio

n
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There is a consistency  constraint in the TMD matching  to PDFs

The optimal TMD distribution

Ff!k(x, b;~⌫B) =
X

n

X

f 0

C(n)
f!f 0(x, b,~⌫B , µOPE)⌦ f (n)

f 0!h(x, µOPE)

<latexit sha1_base64="iUrQn3CILhuxQUBcB92Rz8PnPyc="></latexit><latexit sha1_base64="iUrQn3CILhuxQUBcB92Rz8PnPyc="></latexit><latexit sha1_base64="iUrQn3CILhuxQUBcB92Rz8PnPyc="></latexit><latexit sha1_base64="iUrQn3CILhuxQUBcB92Rz8PnPyc="></latexit>

if ⌫B,1 < lnµ2

saddle
) µOPE < µsaddle,

if ⌫B,1 > lnµ2

saddle
) µOPE > µsaddle,

if ~⌫B = (lnµ2

saddle
, ln ⇣saddle) ) µOPE unrestricted

<latexit sha1_base64="9lLEQcojluQfSmVS+yyNyNHieIg="></latexit><latexit sha1_base64="9lLEQcojluQfSmVS+yyNyNHieIg="></latexit><latexit sha1_base64="9lLEQcojluQfSmVS+yyNyNHieIg="></latexit><latexit sha1_base64="9lLEQcojluQfSmVS+yyNyNHieIg="></latexit>

The values of          are restricted to the values of    taken along the null-evolution curve µOPE
<latexit sha1_base64="46M0+/MQmvsGyZy0LnQCmULE6DU="></latexit><latexit sha1_base64="46M0+/MQmvsGyZy0LnQCmULE6DU="></latexit><latexit sha1_base64="46M0+/MQmvsGyZy0LnQCmULE6DU="></latexit><latexit sha1_base64="46M0+/MQmvsGyZy0LnQCmULE6DU="></latexit>

µ
<latexit sha1_base64="wZJKu36R8lb2xfDiAzXdPzNEG3A="></latexit><latexit sha1_base64="wZJKu36R8lb2xfDiAzXdPzNEG3A="></latexit><latexit sha1_base64="wZJKu36R8lb2xfDiAzXdPzNEG3A="></latexit><latexit sha1_base64="wZJKu36R8lb2xfDiAzXdPzNEG3A="></latexit>
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⇣-prescription
<latexit sha1_base64="FGXu2+wcKUU/bL8yMnZEcCkNM94="></latexit><latexit sha1_base64="FGXu2+wcKUU/bL8yMnZEcCkNM94="></latexit><latexit sha1_base64="FGXu2+wcKUU/bL8yMnZEcCkNM94="></latexit><latexit sha1_base64="FGXu2+wcKUU/bL8yMnZEcCkNM94="></latexit>

F (x, b;µf , ⇣f ) = R[b; (µf , ⇣f ) ! (µf , ⇣µf (~⌫B , b))]F (x, b;~⌫B)
<latexit sha1_base64="FVfF6JhCbeZIgoZ49609oifUKE8="></latexit><latexit sha1_base64="FVfF6JhCbeZIgoZ49609oifUKE8="></latexit><latexit sha1_base64="FVfF6JhCbeZIgoZ49609oifUKE8="></latexit><latexit sha1_base64="FVfF6JhCbeZIgoZ49609oifUKE8="></latexit>

We have just to evolve between different equipotential/null-evolution line

This is realized choosing           such that           

�F (µ, ⇣µ(b))

2D(µ, b)
=

µ2

⇣µ(b)
<latexit sha1_base64="yW0jp+ZI07mn+t1b32fVprKj0Qk="></latexit><latexit sha1_base64="yW0jp+ZI07mn+t1b32fVprKj0Qk="></latexit><latexit sha1_base64="yW0jp+ZI07mn+t1b32fVprKj0Qk="></latexit><latexit sha1_base64="yW0jp+ZI07mn+t1b32fVprKj0Qk="></latexit>

⇣µ(b)
<latexit sha1_base64="7i3fCdt81aj8Q2U+hq6ZP1fnpRk="></latexit><latexit sha1_base64="7i3fCdt81aj8Q2U+hq6ZP1fnpRk="></latexit><latexit sha1_base64="7i3fCdt81aj8Q2U+hq6ZP1fnpRk="></latexit><latexit sha1_base64="7i3fCdt81aj8Q2U+hq6ZP1fnpRk="></latexit>

µ2 dF (x,b;µ, ⇣µ)

dµ2
= 0.

Left fo
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In the implementation we  must choose

matching prescriptions such that the 


perturbative series is as convergent as 

possible, undesired power corrections are 


 not introduced
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Perturbative orders…

…Theoretical uncertainties  
in QCD analysis…

d�

dQ2dyd(q2T )
=

4⇡

3Nc

P
sQ2

X

GG0

zGG0

ll0 (q)
X

ff 0

zGG0

ff 0

Z
d2~b

4⇡
ei(

~b~q)|CV (Q, c2Q)|2
n
Rf [~b; (c2Q,Q2) ! (c3µi, ⇣c3µi); c1µi]

o2

⇥ Ff h1
(x,~b; c4µOPE, ⇣c4µOPE

)Ff 0 h2
(x,~b; c4µOPE, ⇣c4µOPE

)

Hard
Scale

Low
 Scale

Rapidity
Evolution

Matching 
Scales

Small b 
Scale

Parameters and quality of the fits

depend strongly on the choices made


for the implementation



Details of scale variations
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Eliminated by gamma-scenario Included in c2 by optimal TMD definition



A new error analysis: LHC 

!23

Absent



A new error analysis: CDF

!24



A new error analysis: E288
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Modeling non-perturbative inputs for TMD extraction

!26

The TMD modeling is not very constrained

Perturbative Wilson coefficient matching PDF
Non-perturbative

non-asymptotic part

Asymptotic limit of TMD 
for large transverse momentum

ATLAS

E288

+ a nonperturbative contribution to evolution factor

DNP ⇠ gKbb⇤
<latexit sha1_base64="JC+ZJplOlz6FwW8j9dejRWSPAFE="></latexit><latexit sha1_base64="JC+ZJplOlz6FwW8j9dejRWSPAFE="></latexit><latexit sha1_base64="JC+ZJplOlz6FwW8j9dejRWSPAFE="></latexit><latexit sha1_base64="JC+ZJplOlz6FwW8j9dejRWSPAFE="></latexit>



Data and limit of TMD analysis
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�t = qt/M
<latexit sha1_base64="kzlusgsIKU0iCvziFJTztPL4r1Q=">AAAB73icbZDLSsNAFIYn9VbrrerSzWARXNVEBN0IRTduhAr2Am0Mk+lJO3Ry6cyJUEKfQ1ei7nwXX8C3cVqz0NZ/9c35/4HzHz+RQqNtf1mFpeWV1bXiemljc2t7p7y719Rxqjg0eCxj1faZBikiaKBACe1EAQt9CS1/eD31W4+gtIijexwn4IasH4lAcIZm9NDtgUTm4eXIw5Nbr1yxq/ZMdBGcHCokV90rf3Z7MU9DiJBLpnXHsRN0M6ZQcAmTUjfVkDA+ZH3oGIxYCNrNZltP6FEQK4oDoLP372zGQq3HoW8yIcOBnvemw/+8TorBhZuJKEkRIm4ixgtSSTGm0/K0JxRwlGMDjCthtqR8wBTjaE5UMvWd+bKL0DytOnbVuTur1K7yQxTJATkkx8Qh56RGbkidNAgnijyTN/Jujawn68V6/YkWrPzPPvkj6+Mb8qeP0Q==</latexit><latexit sha1_base64="kzlusgsIKU0iCvziFJTztPL4r1Q=">AAAB73icbZDLSsNAFIYn9VbrrerSzWARXNVEBN0IRTduhAr2Am0Mk+lJO3Ry6cyJUEKfQ1ei7nwXX8C3cVqz0NZ/9c35/4HzHz+RQqNtf1mFpeWV1bXiemljc2t7p7y719Rxqjg0eCxj1faZBikiaKBACe1EAQt9CS1/eD31W4+gtIijexwn4IasH4lAcIZm9NDtgUTm4eXIw5Nbr1yxq/ZMdBGcHCokV90rf3Z7MU9DiJBLpnXHsRN0M6ZQcAmTUjfVkDA+ZH3oGIxYCNrNZltP6FEQK4oDoLP372zGQq3HoW8yIcOBnvemw/+8TorBhZuJKEkRIm4ixgtSSTGm0/K0JxRwlGMDjCthtqR8wBTjaE5UMvWd+bKL0DytOnbVuTur1K7yQxTJATkkx8Qh56RGbkidNAgnijyTN/Jujawn68V6/YkWrPzPPvkj6+Mb8qeP0Q==</latexit><latexit sha1_base64="kzlusgsIKU0iCvziFJTztPL4r1Q=">AAAB73icbZDLSsNAFIYn9VbrrerSzWARXNVEBN0IRTduhAr2Am0Mk+lJO3Ry6cyJUEKfQ1ei7nwXX8C3cVqz0NZ/9c35/4HzHz+RQqNtf1mFpeWV1bXiemljc2t7p7y719Rxqjg0eCxj1faZBikiaKBACe1EAQt9CS1/eD31W4+gtIijexwn4IasH4lAcIZm9NDtgUTm4eXIw5Nbr1yxq/ZMdBGcHCokV90rf3Z7MU9DiJBLpnXHsRN0M6ZQcAmTUjfVkDA+ZH3oGIxYCNrNZltP6FEQK4oDoLP372zGQq3HoW8yIcOBnvemw/+8TorBhZuJKEkRIm4ixgtSSTGm0/K0JxRwlGMDjCthtqR8wBTjaE5UMvWd+bKL0DytOnbVuTur1K7yQxTJATkkx8Qh56RGbkidNAgnijyTN/Jujawn68V6/YkWrPzPPvkj6+Mb8qeP0Q==</latexit><latexit sha1_base64="kzlusgsIKU0iCvziFJTztPL4r1Q=">AAAB73icbZDLSsNAFIYn9VbrrerSzWARXNVEBN0IRTduhAr2Am0Mk+lJO3Ry6cyJUEKfQ1ei7nwXX8C3cVqz0NZ/9c35/4HzHz+RQqNtf1mFpeWV1bXiemljc2t7p7y719Rxqjg0eCxj1faZBikiaKBACe1EAQt9CS1/eD31W4+gtIijexwn4IasH4lAcIZm9NDtgUTm4eXIw5Nbr1yxq/ZMdBGcHCokV90rf3Z7MU9DiJBLpnXHsRN0M6ZQcAmTUjfVkDA+ZH3oGIxYCNrNZltP6FEQK4oDoLP372zGQq3HoW8yIcOBnvemw/+8TorBhZuJKEkRIm4ixgtSSTGm0/K0JxRwlGMDjCthtqR8wBTjaE5UMvWd+bKL0DytOnbVuTur1K7yQxTJATkkx8Qh56RGbkidNAgnijyTN/Jujawn68V6/YkWrPzPPvkj6+Mb8qeP0Q==</latexit>

The limits of the TMD analysis
are defined by the limit of 
factorization and are independent
of the non-perturbative 
parametrization of TMDs or 
perturbative order

For high energy data we find �t . 0.2
<latexit sha1_base64="ahXnQLm/FP1LaH9xbcHRcuwpNMk="></latexit><latexit sha1_base64="ahXnQLm/FP1LaH9xbcHRcuwpNMk="></latexit><latexit sha1_base64="ahXnQLm/FP1LaH9xbcHRcuwpNMk="></latexit><latexit sha1_base64="ahXnQLm/FP1LaH9xbcHRcuwpNMk="></latexit>

Table from arXiv:1706:01473

ATLAS experiment has an 
extraordinary precision:  
is this criterium sufficient?



Statistics

!28

minimization requires the analysis of experimental correlations�2
<latexit sha1_base64="47kHB3hGsTmIK5CHrn9odr0xASY=">AAAB53icbZDLSgMxFIZPvNZ6q7p0EyyCqzJTBF0W3bisYC/QjiWTnunEZi4kGaEMfQZdibrzfXwB38a0zkJb/9WX8/+B8x8/lUIbx/kiK6tr6xubpa3y9s7u3n7l4LCtk0xxbPFEJqrrM41SxNgywkjspgpZ5Evs+OPrmd95RKVFEt+ZSYpexEaxCARnxo7afR6K+/qgUnVqzlx0GdwCqlCoOah89ocJzyKMDZdM657rpMbLmTKCS5yW+5nGlPExG2HPYswi1F4+33ZKT4NEURMinb9/Z3MWaT2JfJuJmAn1ojcb/uf1MhNcermI08xgzG3EekEmqUnorDQdCoXcyIkFxpWwW1IeMsW4sacp2/ruYtllaNdrruXb82rjqjhECY7hBM7AhQtowA00oQUcHuAZ3uCdCPJEXsjrT3SFFH+O4I/IxzcSUYxr</latexit><latexit sha1_base64="47kHB3hGsTmIK5CHrn9odr0xASY=">AAAB53icbZDLSgMxFIZPvNZ6q7p0EyyCqzJTBF0W3bisYC/QjiWTnunEZi4kGaEMfQZdibrzfXwB38a0zkJb/9WX8/+B8x8/lUIbx/kiK6tr6xubpa3y9s7u3n7l4LCtk0xxbPFEJqrrM41SxNgywkjspgpZ5Evs+OPrmd95RKVFEt+ZSYpexEaxCARnxo7afR6K+/qgUnVqzlx0GdwCqlCoOah89ocJzyKMDZdM657rpMbLmTKCS5yW+5nGlPExG2HPYswi1F4+33ZKT4NEURMinb9/Z3MWaT2JfJuJmAn1ojcb/uf1MhNcermI08xgzG3EekEmqUnorDQdCoXcyIkFxpWwW1IeMsW4sacp2/ruYtllaNdrruXb82rjqjhECY7hBM7AhQtowA00oQUcHuAZ3uCdCPJEXsjrT3SFFH+O4I/IxzcSUYxr</latexit><latexit sha1_base64="47kHB3hGsTmIK5CHrn9odr0xASY=">AAAB53icbZDLSgMxFIZPvNZ6q7p0EyyCqzJTBF0W3bisYC/QjiWTnunEZi4kGaEMfQZdibrzfXwB38a0zkJb/9WX8/+B8x8/lUIbx/kiK6tr6xubpa3y9s7u3n7l4LCtk0xxbPFEJqrrM41SxNgywkjspgpZ5Evs+OPrmd95RKVFEt+ZSYpexEaxCARnxo7afR6K+/qgUnVqzlx0GdwCqlCoOah89ocJzyKMDZdM657rpMbLmTKCS5yW+5nGlPExG2HPYswi1F4+33ZKT4NEURMinb9/Z3MWaT2JfJuJmAn1ojcb/uf1MhNcermI08xgzG3EekEmqUnorDQdCoXcyIkFxpWwW1IeMsW4sacp2/ruYtllaNdrruXb82rjqjhECY7hBM7AhQtowA00oQUcHuAZ3uCdCPJEXsjrT3SFFH+O4I/IxzcSUYxr</latexit><latexit sha1_base64="47kHB3hGsTmIK5CHrn9odr0xASY=">AAAB53icbZDLSgMxFIZPvNZ6q7p0EyyCqzJTBF0W3bisYC/QjiWTnunEZi4kGaEMfQZdibrzfXwB38a0zkJb/9WX8/+B8x8/lUIbx/kiK6tr6xubpa3y9s7u3n7l4LCtk0xxbPFEJqrrM41SxNgywkjspgpZ5Evs+OPrmd95RKVFEt+ZSYpexEaxCARnxo7afR6K+/qgUnVqzlx0GdwCqlCoOah89ocJzyKMDZdM657rpMbLmTKCS5yW+5nGlPExG2HPYswi1F4+33ZKT4NEURMinb9/Z3MWaT2JfJuJmAn1ojcb/uf1MhNcermI08xgzG3EekEmqUnorDQdCoXcyIkFxpWwW1IeMsW4sacp2/ruYtllaNdrruXb82rjqjhECY7hBM7AhQtowA00oQUcHuAZ3uCdCPJEXsjrT3SFFH+O4I/IxzcSUYxr</latexit>

All this  information is provided by experiments and should be used to make  the correlation matrix

Eperimental result (i) ' mi ± �i,stat ± �i,unc ±
NX

k=1

�(k)
i,corr

mi = central value of measurement i

�i,stat = uncorrelated statistical error

�i,unc = uncorrelated systematic error

�i,corr = correlated error
<latexit sha1_base64="e0s12ACQQWITI51j+uqcbdPpBio="></latexit><latexit sha1_base64="e0s12ACQQWITI51j+uqcbdPpBio="></latexit><latexit sha1_base64="e0s12ACQQWITI51j+uqcbdPpBio="></latexit><latexit sha1_base64="e0s12ACQQWITI51j+uqcbdPpBio="></latexit>
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minimization requires the analysis of experimental correlations�2
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<latexit sha1_base64="39nzJTuLRCPZ9YLR2Y6eFHvRLXA="></latexit><latexit sha1_base64="39nzJTuLRCPZ9YLR2Y6eFHvRLXA="></latexit><latexit sha1_base64="39nzJTuLRCPZ9YLR2Y6eFHvRLXA="></latexit><latexit sha1_base64="39nzJTuLRCPZ9YLR2Y6eFHvRLXA="></latexit>The effects of correlation in systematics can buy visualized calculating  

the systematic  SHIFTS
We reformulate  this in terms of
 nuisance parameters, 
uncorrelated uncertainties,
shifted theoretical predictions



Comparison shifted/unshifted results
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Pre
lim
ina
ry

Pre
lim
ina
ry

Pre
lim
ina
ry The amount of shifts depends on sets.. 

but it is generally significative.



Resume fo main  uncertainties
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1. The factorization establishes some limits 
for its validity.  

2. Some data sets (ATLAS)  can be more 
sensitive to Y-terms and un-factorizable 

contributions due to their precision   
3. Scale variations 
4. PDFs: different sets and replicas can 

provide different results 
5. Model building: still in a guess and try 

process …

QED  corrections .  
See talk of Miguel



Conclusions
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❖ A NNLO analysis is necessary for fitting data and extracting unpolarized TMDs. 
❖  LHC provides very precise data that should  be included in fits (especially data off 

the Z-boson peak). ATLAS  and CMS could do better at 13 TeV!! 
❖ The data analysis should combine high energy and  low energy data, because they are 

sensitive to different non-perturbative regions, both compatible with TMD 
factorization 

❖ Scale choices and prescription should be  critically analyzed (2D-evolution and 
zeta-prescription, optimal TMDs provide a better description of errors and 

separation of perturbative/non-perturbative effects) 
❖ All this is/will be included in arTeMiDe (already new 1.3 release)  

More to be done 

Improve the statistical analysis, especially for LHC data 

COMPASS data for DY and SIDIS 

Extend the code to polarized processes and Jets 

prepare for the advent of EIC 


