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TMD factorisation
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Logarithmic accuracy
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Logarithmic accuracy

non perturbative 
function
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Logarithmic accuracy
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non perturbative 
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Logarithmic accuracy
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b* prescription

when bT becomes large
invalidates perturbative  

calculationsαs(μb) = α ( 2e−γE
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b* prescription
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when bT becomes large
invalidates perturbative  

calculationsαs(μb) = α ( 2e−γE

b ) ≫ 1
⇒ bmax

b-min choice

Models - bT prescription
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 Nonperturbative TMD evolution
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Non perturbative function
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non perturbative

F (x, b;µ, ⇣) =
h

F (x,b;µ,⇣)
F (x,b⇤(b);µ,⇣)

i
F (x, b⇤(b);µ, ⇣)

<latexit sha1_base64="L6htXopYi3hR/JsVzsLzxQ6ZfAw="></latexit>

⌘ fNP(x, b, ⇣)F (x, b⇤(b);µ, ⇣)
<latexit sha1_base64="B+TI0u+q8iJKnUBkPG1U0gkY6pU="></latexit> fit to data

perturbative

depends on the choice of b*-prescription



Non perturbative function
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Non perturbative function
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Experimental uncertainties     
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shifted  
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uncorrelated contribution

Bertone, Scimemi, Vladimirov 
arXiv:1902.08474

http://arxiv.org/abs/arXiv:1703.10157
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NLL’ NNLL NNLL’ N3LLOrder

χ2
0 / n.d.p.

perturbative convergence

Global χ2 as a function of the perturbative accuracy 

1.07053.2628 1.6686 1.1465

Bertone, Scimemi, Vladimirov 
arXiv:1902.08474

also observed by

http://arxiv.org/abs/arXiv:1703.10157
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χ2
=1.07

200 replicas
Monte Carlo approach

N3LL
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N3LL
E288

7<Q<8= 0.0426χ2
s = 27.4 GeV

NO  
normalisation
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ATLAS 8 TeV
1.6 <|y|< 2

N3LL

NO  
normalisation

= 0.6897χ2

lepton cuts
on the final-state  

leptons
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NangaParbat
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will be

based on APFEL++ to extract TMD PDFs and FFs

publicly available
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🏔 Current precision of data requires the most accurate  
calculations

N3LLperturbative convergence

🏔 A sound treatment of uncertainties is also required

Simultaneous description of low- and high-energy data  
with

🏔

NO normalisation coefficients

correlated systematics, 
PDFs uncertainties
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Ff/P (x,bT ;µ, ⇣) =
X
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⇥ exp

⇢
K(b⇤;µb) ln
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Z µ
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dµ0
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⇥ exp
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gj/P (x, bT ) + gK(bT ) ln

p
⇣Fp
⇣F,0

)
: C

bT ≪ 1/ΛQCD

CS and RGE  
evolution

non perturbative  
transverse content

matching to the 
collinear region

factorises as hard  
and longitudinal non-perturbative

parametrised  
and fitted to data

slide from V. Bertone



Higher-order corrections
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comparison of different orders



Mathematical tools
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integration over 
bins in
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qT

integration over the range 
in boson rapidity 

integrations

lepton cuts
on the final-state leptonsno narrow-width  

approximation



Lepton cuts
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on the final-state leptons

phase-space reduction factor  
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covariance matrix

multiplicativeadditive
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Bertone, Scimemi, Vladimirov 
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http://arxiv.org/abs/arXiv:1703.10157


Chisquare     
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recover the form of  
the uncorrelated definition  

systematic shift

penalty term
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Hessian method
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∼ 1 %

PDF uncertainty ∼ 0.3 %

0  |y|  1
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N3LL
CDF Run II 



TMDs in     space
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kT

x = 0.001
Q = 2 GeV



TMDs in     space
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kT

x = 0.1
Q = 2 GeV
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NLL

Bacchetta, Delcarro, Pisano, Radici, Signori 
arXiv:1703.10157

Drell-Yan fit

with 
normalisation 
coefficients

BSV 2019 

global fit

Bertone, Scimemi, Vladimirov 
arXiv:1902.08474

NNLL’ different 
framework

http://arxiv.org/abs/arXiv:1703.10157
http://arxiv.org/abs/arXiv:1703.10157

