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From factorization to nucleon tomography



From factorization to nucleon tomography

» Modern factorization theorems separate the hadron structure from the
low distance hard scattering
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» More complete description, going beyond the simplest 1D parton
structure

up, PB-NLO-HERAI+II-2018-set2,u. = 2 GeV, kI from 0.1 up to 1000 GeV
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From factorization to nucleon tomography

» A new function emerges and it dictates the evolution of the parton
distributions:
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» |t is a self-contained object with new non-perturbative information
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» RAD has been studied extensively  _,,!
® Yet, only QCD function which is 0.6
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From factorization to nucleon tomography

» A new function emerges and it dictates the evolution of the parton
distributions:
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» |t is a self-contained object with new non-perturbative information

Phys. Rev. Lett. 125, 192002 (2020)

» A direct measurement of RAD would imply:
- Stringent test of factorization and universality of the 3D structure
- Higher precision imaging of hadrons
- Higher precision for measurements, e.g W mass
- Input to probe parton spin-orbit correlations
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NOvel methOd tO determ|ne RAD Phys.Rev.D 106 (2022) 9, L091501

» Start from the factorization formula:
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» Apply the inverse Hankel transform:
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®» Evolve the parton distribution to a reference scale:
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» Build ratios of the cross sections at different scales:
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Novel method to determine RAD

Phys.Rev.D 106 (2022) 9, L091501

» \We get the master formula:
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®» Things to remember:

perturbative terms

- No dependence on the chosen scales N

- No dependence on process
- Cancellation of the longitudinal part
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Applying the method to simulated data rrsrew s @ozs. osiso
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Applying the method to simulated data rrsrew s @ozs. osiso

» Master formula can be used with data, provided:

- small gr and Q bin sizes

- choices of y, Q and center-of-mass energy ensure same X range

- Q below Z peak

» Simulation using the CASCADE MC generator:
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Applying the method to simulated data rrsrew s @ozs. osiso

» All properties of RAD, like universality, are observed for the PB
approach

» This non-trivially supports both factorization and PB approaches,
sets the stage for a comparison

» The method can be applied to the experimental data!
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» CMS provides a excellent muon capabilities
» High quality data at 7, 8, 13, 13.5 TeV
» Feasibility studies on the di-muon resolution show promising results:
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Applying the method to experimental data

» As an example Q1, Q2 = 28, 46 GeV
» Small gr bin size ensure sensitivity up to around b = 1.5
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» Adding statistical and dQ uncertainties:
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» Statistical uncertainty mild, main uncertainty from g binning



Applying the method to transform PB TMDs to CSS
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Applying the method to transform PB TMDs to CSS

» This is a long standing problem

» Evolution of a TMD can be expressed as: .
~—»Evolution factor
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» \We use the method to determine RAD from DY in CASCADE:
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Applying the method to transform PB TMDs to CSS

» This is a long standing problem
» Evolution of a TMD can be expressed as: .
~~» Evolution factor

Fa,b; 11, C) = RIb; (1, ) — (0, Co))F (i, b)

» Comparing PB TMD set2 to MAPP22
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Summary and conclusions

» Determination of RAD would be a stringent test of factorization and can have

a deep impact on hadron 3D imaging
» Novel method to determine RAD was introduced

» [ts application to simulated data from PB approach has solved long standing

problem of comparison between factorization and PB

» Feasibility studies using CMS full simulated public data have shown

promising results
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