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A long story short

Quark model (1964)
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Open problems

Can we build maps of the internal structure of the proton?

How do the global properties (mass, spin) of the proton emerge
from its elementary constituents?
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A mixed proplem

We cannot (completely) predict these maps from theory!

Pheno M Theory

Luca’s talk My talk




My projects

GTMD(x, k,, b))

TMD(x, k| )

Can we write TMDs
N terms of PDFs?




My projects

GTMD(x, k,, b))

Proton mass and GPDs

GPD(x, b )
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Physical intuition

Collinear kinematic «— Integration over k; transverse kinematic?
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Physical intuition

Collinear kinematic «— Integration over k; transverse kinematic?
"Yes” = Relation between TMDs and PDFs

Simple ansatz: JdleMD(x, k,) = PDF(x)

Too simple
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A pit of rigor..

MZ
TMD.(x, k) = Zj Clj(x, ki) ® PDF(x) + O (—)
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Why? Some PDFs are very well known
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Why? Some PDFs are very well known

Prediction of physical observables

Constraints to TM

DS expression (toward TM
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Matching relations: current status

Distribution Tw2 Tw3 Accuracy

1 f, - NLO
hy? f, - N3LO
qir Af, N3LO

Dash: no matching

Blank space: unknown



Matching relations: my results

Distribution Tw2 Tw3 Accuracy
fy fo - N°LO
e, - NLO .
g9, Af, N3T.0 Tree level: filled all the gaps
g9, v v/ 1.O + all mass corrections
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T'he trace anomaly and the mass
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T'he mass propl

Valence quarks

Proton ~ 938MeV
~100 Times!!
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T'he mass proplem

Proton ~ 938MeV
~100 Times!!

Valence quarks ~ 10MeV

Where does all the mass come
From kinetic and potential ene
of partons

from?

‘gles
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T'he Trace Anomaly

Mechanical properties of a system: T
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T'he Trace Anomaly

Mechanical properties of a system: T
/ Al TH — T
Classical: 1), = myy

After renormalization:

T, = myy+ y,mpy + @ F,F

28
‘Classical” term
Anomaly term
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Deep Virtual Compton Scattering

-MT TH < GPDs(x, b | )

GPDs are measured inlp — I'p’y
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Deep Virtual Compton Scattering

EMT THY <= GPDs(x, b))

GPDs are measured inlp — I'p’y

Y Hard subprocess
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My work

Perturbative computation of the GPDs

race anomaly in terms of GPDs

Plan: different regulators + gluon GPDs
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Conclusions

TMDs and PDFs are connecteo



Conclusions

TMDs and PDFs are connected Proton mass and trace anomaly
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