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GGlobal fits of TMDs

Drell-Yan/Z-boson production
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Implementation of NN model
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MAP Collaboration, PRL 135 (2025)



Results from last year

Theory/Data agreement

MAP Collaboration, PRL 135 (2025)
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NN provide better quality than MAP22
Significant improvement for ATLAS data

MAP22 relies more on systematic shifts = large error bands



Extension to SIDIS

. B NN(CbeTa{pz}) __ 219 £>_
Ixe(®:0136) = NG, 0,4py) PR 1“(@%

: _ NN(ZabTa{p/}) - 212 C _
Dyp(2,b1;¢) = NN(Z,O,{]?;-J}) P _—QQbT " <Q_(2)>

/ § / §
b\ y e y
Y ¥

\
v
v/

41 + 41+1 parameters



Extension to SIDIS
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® NN Global is broader than NN DY-only

® Uncertainty bands are smaller than NN DY-only

® But still larger than MAP22
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effect of the tensions?

constraints from SIDIS

more faithful representation of errors



The Oros chain implemented

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

OrosModules/NangaParbat

Implementation of datahandler, residual block, chi2

Specific Project

Implementation of
oarametrisations and fit runner




First crosscheck: fit DY only

Fit quality
WORK IN PROGRESS ——— ¥%/N ~ 1
&1
WORK IN PROGRESS
Performances

Significant improvement w.r.t NangaParbat-Beta

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

o . [ ] (] R 1 l
Oros implementation: 1 fit ~ 8 mins unning on ctuster



First crosscheck: fit DY only

ATLAS at 13 TeV, 66 GeV < Q < 116 GeV
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First crosscheck: ﬁt DY only

— NangaParbat Beta (pub)
—— Oros (Ceres)

Extracted TMDs
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First crosscheck: 1it DY only

:cflu(a:, k2 » Q, Qz)

Different minimisers (Ceres vs internal minimiser) .

0 30—m——7 V77> 00— 7T V7T T T T T T T T
—— Oros (Chi2Minimizer)
0.25 —— Oros (Ceres)
0.20
i x = 0.1
0.15
L Q:lO GeV
0.10 |
0.05 |
- ~
[ a
: «
. T T B H SR T—— -~
0'0%.0 0.5 1.0 1.5 2.0 2.Q
k1| [GeV] ]
2
8
;/
]
Ay
8

—— Oros (Chi2Minimizer)

—— Oros (Ceres)

|k | [.GGV]

x = 0.01
Q =2 GeV 1
. I L L L L L — \ \ | . " " | PR — ' | 1 1 1 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0



Second crosscheck: global fit

Fit quality
WORK IN PROGRESS ——— ¥%/N ~ 1
&1
WORK IN PROGRESS
Performances

Significant improvement w.r.t NangaParbat-Beta

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

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



zfi'(z, k1, Q, Q%)

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
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Second crosscheck: global fit

Data/Theory: SIDIS
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summary&Outlook

® Ve can extend the NN fit to a global NN fit
® Results are promising yet with NangaParbat

® Ve implemented the fits in the Oros framework

® Ve benchmarked the results for DYonly and global fit

® \We are ready for extending to flavour dependence
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Higgs production

2 {jfé H — (IT17)(H)

do a2 (Q)Q2GFP d*br
— H 107r-qr
dQdydqr 2887/2 3 a9t (Q: 1) (2m)2°

X [mlflg(:vl, br; 1, () :vgflg(mg, br; u, () + ivlil?(ivl, br; 14, Ca) mzilf(ivz, br; u, Cb)]

Unpolarised Boer-Mulders



Higgs production

Experimental data

Dataset Naat | Decay channel | /s [GeV] | Ref.
CMS Run II (2017-2018) 7 H — vy 13000 2]
CMS Run IT (2017-2018) 3 H— 4 13000 | [3]
CMS Run II (2015-2016) 2 combined 13000 4]
CMS Run I 2 H — vy 800 5]
ATLAS Run II (2017-2018) | 7 H = vy 13000 | [6]
ATLAS Run II (2017-2018) | 3 H — 44 13000 | [7]
ATLAS Run IT (2015-2016) | 3 combined 13000 18]
ATLAS Run I 2 H — vy 800 9]
ATLAS Run I 1 H - af 800 | [10]
Total 30 - - -

Phase-space reduction cuts more complicated than standard DY
Slightly large experimental errors (O(50%))
gr/Q < 0.3,0.25,0.2

Three cuts tested:



Higgs production

Theoretical setup

® N\°LL accuracy
® Collinear PDF set: NNPDF3.1nnlo (pch)

® Narrow width approximation 5(@2 — MJ%I)

® Nonperturbative model
2
flg(bT) — B_ng/2 (Same for BM)

No constraints on gig due to NWA



Higgs production

. Dataset Naat | X*/Ndat | XD/Naat | X3/Naat

Fit results CMS Run IT H — v 7 | 115 1.15 _
CMS Run II H — 4/ 3 1.17 1.17 —
CMS Run II (combined) 2 4.46 4.46 -
CMS Run I H — v 2 | 02 | 026 -
ATLAS Run IT H — vy 7 1.52 1.32 0.20
ATLAS Run IT H — 44 3 0.93 0.90 0.03
ATLAS Run II (combined) | 3 | 0.99 | 0.99 -
ATLAS Run I H — vy 2 3.58 3.50 0.08
ATLAS Run I H — 44 1 0.004 0.004 —
Total 30 1.49 1.43 0.06

CMS at 13 TeV Higgs In two photons, mH = 120.38 GeV, —eta_ < ATLAS at 13 TeV_Higgs in two photons, mH = 125.09 GeV, —eta_-<=2.5
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Higgs production

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

(consistent with
findings in PV19)




Higgs production

Dependence on cut g;/Q

Cut Naat X2 / Nyat g1 [GGVZ]
qr/Q < 0.2 20 1.08 7.1+4.3
qr/Q < 0.25 28 1.35 12.6 £4.7
gr/Q < 0.3 30 1.49 14.4 4+ 5.1

CMS at 13 TeV Higgs combined, mH =
ATLAS at 13 TeV Higgs in two photons mH = 125.09 GeV, —eta—<=2.5 1.6

125.38 GeV, —eta—<=

--------------------

----------

Slight reduction of the chi2 -> removal of statistical fluctuations

Reduction of the extracted parameter but still compatible




summary&Outlook

® e performed the first extraction of gluon TMDs from H production
® Ve used a very simple model due to the scarcity of dato
® The quality of the fit is reasonable

® Ve tested the convergence of the perturbative series

® Ve tested the stability of the results on the g/ Q cut
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Cr

Non parametric bootstrap Bootstrap from joint fit
from 200 replicas lattice+experiment



