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Global fits of TMDs
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Implementation of NN model

MAP Collaboration, PRL 135 (2025)

41+1 parameters 
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only one output node because  
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bT ! 0

physically required constraints



Results from last year
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MAP22 relies more on systematic shifts  large error bands⇒

Significant improvement for ATLAS data

NN provide better quality than MAP22

MAP Collaboration, PRL 135 (2025)

Theory/Data agreement



Extension to SIDIS
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41 + 41+1 parameters 



Extension to SIDIS

Uncertainty bands are smaller than NN DY-only constraints from SIDIS

NN Global is broader than NN DY-only effect of the tensions?

But still larger than MAP22 more faithful representation of errors



The Oros chain implemented

Oros

OrosModules/NangaParbat

Specific Project

Declaration of datahandler, residual block, 
parametrisation, loss function, cut manager

Implementation of datahandler, residual block, chi2

Implementation of 
parametrisations and fit runner



First crosscheck: fit DY only
Fit quality

Performances

WORK IN PROGRESS ——— χ2/N ∼ 1

Significant improvement w.r.t NangaParbat-Beta

NangaParbat-Beta    : 1 fit ~ 1 hour (no parallelisation)

Oros implementation: 1 fit ~ 8 mins Running on cluster



First crosscheck: fit DY only
Data/Theory plots



First crosscheck: fit DY only
Extracted TMDs
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First crosscheck: fit DY only
Different minimisers (Ceres vs internal minimiser)
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Second crosscheck: global fit
Fit quality

Performances

WORK IN PROGRESS ——— χ2/N ∼ 1

Significant improvement w.r.t NangaParbat-Beta

NangaParbat-Beta    : 1 fit ~ 5 hours (no parallelisation)

Oros implementation: 1 fit ~ 25 mins Running on PV cluster



Second crosscheck: global fit
Extracted TMD PDFs
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Second crosscheck: global fit
Extracted TMD FFs
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Second crosscheck: global fit
Data/Theory: DY



Second crosscheck: global fit
Data/Theory: SIDIS



Summary&Outlook

We can extend the NN fit to a global NN fit

Results are promising yet with NangaParbat

We implemented the fits in the Oros framework

We benchmarked the results for DYonly and global fit

We are ready for extending to flavour dependence  
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Higgs production
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H → ωω
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H → (l+l→)(l+l→)

Unpolarised Boer-Mulders



Higgs production
Experimental data

Phase-space reduction cuts more complicated than standard DY

Slightly large experimental errors ( )𝒪(50%)

Three cuts tested:
<latexit sha1_base64="FsmPWWVu0MKNsQfVnJDWXBBBH/E=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuCgxqVpduCi6cdlCb9CGMJlO6tDJJM5MhFK6c+OruHGhiFtfwZ1v47QNoq0/DHz85xzOnN+PGZXKtr+MzMLi0vJKdjW3tr6xuWVu7zRklAhM6jhikWj5SBJGOakrqhhpxYKg0Gek6fevx/XmPRGSRrymBjFxQ9TjNKAYKW155v6dVzuuwktoWyewU4AFDcWzH/LMvG3ZE8F5cFLIg1QVz/zsdCOchIQrzJCUbceOlTtEQlHMyCjXSSSJEe6jHmlr5Cgk0h1O7hjBQ+10YRAJ/biCE/f3xBCFUg5CX3eGSN3K2drY/K/WTlRw4Q4pjxNFOJ4uChIGVQTHocAuFQQrNtCAsKD6rxDfIoGw0tHldAjO7Mnz0ChaTskqVU/z5as0jizYAwfgCDjgHJTBDaiAOsDgATyBF/BqPBrPxpvxPm3NGOnMLvgj4+MboAWUEA==</latexit>

qT /Q < 0.3 , 0.25 , 0.2



Higgs production
Theoretical setup

N LL accuracy3

Collinear PDF set: NNPDF3.1nnlo (pch)

Narrow width approximation
<latexit sha1_base64="k8BcrK2jAFBFg6TkCRIjPB8G2qE=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxCXViSItVl0U03Qgv2AW0aJpNJO3QyCTMToYbir7hxoYhb/8Odf+O0zUKrBy4czrmXe+/xYkalsqwvI7eyura+kd8sbG3v7O6Z+wdtGSUCkxaOWCS6HpKEUU5aiipGurEgKPQY6Xjjm5nfuSdC0ojfqUlMnBANOQ0oRkpLrnnU9wlTCJaagwo8h7dufVA5c82iVbbmgH+JnZEiyNBwzc++H+EkJFxhhqTs2VasnBQJRTEj00I/kSRGeIyGpKcpRyGRTjq/fgpPteLDIBK6uIJz9edEikIpJ6GnO0OkRnLZm4n/eb1EBVdOSnmcKMLxYlGQMKgiOIsC+lQQrNhEE4QF1bdCPEICYaUDK+gQ7OWX/5J2pWxXy9XmRbF2ncWRB8fgBJSADS5BDdRBA7QABg/gCbyAV+PReDbejPdFa87IZg7BLxgf3zrnkyc=</latexit>

ω(Q2 →M2
H
)

Nonperturbative model

(Same for BM)

No constraints on  due to NWAgg
2

<latexit sha1_base64="nzho0M9h3v08vOARd1cjD7mawTE=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqwpoUqW6EohuXFfqCNg2T6SQdOpmEmYlQQldu/BU3LhRx6ze482+ctllo64ELZ865l7n3eDGjUlnWt7G0vLK6tp7byG9ube/smnv7TRklApMGjlgk2h6ShFFOGooqRtqxICj0GGl5w9uJ33ogQtKI19UoJk6IAk59ipHSkmse+a7dC2DRc+un8BqSXnoWQP3oleF5eeyaBatkTQEXiZ2RAshQc82vbj/CSUi4wgxJ2bGtWDkpEopiRsb5biJJjPAQBaSjKUchkU46PWMMT7TSh34kdHEFp+rviRSFUo5CT3eGSA3kvDcR//M6ifKvnJTyOFGE49lHfsKgiuAkE9ingmDFRpogLKjeFeIBEggrnVxeh2DPn7xImuWSXSlV7i8K1Zssjhw4BMegCGxwCargDtRAA2DwCJ7BK3gznowX4934mLUuGdnMAfgD4/MHzgaWKw==</latexit>

fg
1 (bT ) = e→gb2T /2



Higgs production
Fit results



Higgs production
Extracted TMDs
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Higgs production
Perturbative convergence
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Effect mostly on the 
region of the peak

(consistent with 
findings in PV19)



Higgs production
Dependence on cut qT /Q

Slight reduction of the chi2 -> removal of statistical fluctuations

Reduction of the extracted parameter but still compatible



Summary&Outlook

We performed the first extraction of gluon TMDs from H production

We used a very simple model due to the scarcity of data

The quality of the fit is reasonable

We tested the convergence of the perturbative series

We tested the stability of the results on the  cutqT /Q



f g
NP(b) = exp{ − g

b2

2 } = exp{−g′￼
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g1 = 2(g′￼−
CA

CF
g2

2 log Q2)
Non parametric bootstrap 

from 200 replicas
Bootstrap from joint fit 

lattice+experiment


