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Quick facts
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Perturbative accuracy: N3LL
(first DY fit at this accuracy)

353 high-energy and low-energy Drell-Yan data:
the TMD “Sugarloaf” fit

Pão de Açúcar, Brasil, 396 m

no normalisation factors

χ2 = 1.02
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TMD factorisation for DY
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TMD structure
Ff/P (x,bT ;µ, ⇣) =
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matching to collinear PDF at bT≪1/ΛQCD


perturbative

CS and RGE evolution to large bT

perturbative

b* prescription to avoid Landau pole

fNP “parametrises” the non-perturbative transverse modes

fit fNP to data

(                )
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Perturbative accuracy

NLL

NLL’

same logarithmic accuracy (difference = NNLL)
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Non-perturbative: b* 

αs(μb) = α ( 2e−γE

b ) ≫ 1 for large b values

b*-prescription to avoid Landau pole at  ΛQCD
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Models - bT prescription
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b̄?(bT ; bmin, bmax) = bmax

✓
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These choices guarantee that for
Q=1 GeV the TMD coincides with 

the NP model 

bmax , bT ! +1

bmin , bT ! 0

bmax = 2e��E

bmin = 2e��E/Q

 Nonperturbative TMD evolution

Collins, Soper, Sterman, N.P. B250 (85)
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b̄⇤
bmax

bT (GeV-1)

large bT → μb gets frozen → nonperturbative evolution sets in 
small bT → μb is prevented from becoming larger than Q
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Q=2 GeV
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original choice: the CSS scheme b⇤ =
bTp

1 + b2T /b
2
max

other choices: Bacchetta et al., JHEP 1511 (15) 076

b⇤[bc(bT )] Collins et al., arXiv:1605.00671

µb = Q0 + qT
b⇤ = bT

D’Alesio et al.,  
JHEP 1411 (14)

µb =
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Non-perturbative: fNP 

F (x, b;µ, ⇣) =
h

F (x,b;µ,⇣)
F (x,b⇤(b);µ,⇣)

i
F (x, b⇤(b);µ, ⇣)
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fNP

depends on choice of  b*

determined through a fit to experimental data
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Q-Gaussian Gaussian
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9 parameters
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Datasets
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x-y-Q coverage
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Fit quality: convergence

NLL’ NNLL NNLL’ N3LLOrder

χ2 /d.o.f. 1.023.19 1.62 1.07
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Fit quality: theory/data
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Propagation of  


experimental

uncertainties

(corr. & uncorr.)


+


PDF uncertainty


via


Monte Carlo

Sampling


(~200 replicas)

No

ad-hoc


normalisation

when necessary,

total  computed 
with DYNNLO

σ



: gaussian and q-gaussian equally important

 (quartic term) small but significantly different from zero


correlations not very large except for  and 

λ ∼ 0.5
g2B

λ σ
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TMD distributions
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Test: x-independent fit at N3LL with Davies, Webber, Stirling (1985) NP parameterisation:

with and without ATLAS data

 significantly higher for full dataset (1.339 vs. 1.020)

-dependence  required  to describe data


 significantly lower without ATLAS data

-dependence at N3LL  driven by ATLAS data 

χ2

x
χ2

x

Test of  x-dependence
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Dependence on qT cut
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Preliminary: CMS data
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Very good agreement in the TMD region
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The Nanga Parbat framework
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Conclusions

Extraction of  TMD PDFs from Drell-Yan data at N3LL perturbative accuracy


Low-energy (FNAL, RHIC) and high-energy (LHCb, CMS, ATLAS) data: 353 points


Very good description of  entire dataset ( ) without ad hoc normalisation


Nice convergence of  the perturbative series (from NLL to N3LL)


x-dependence mostly constrained by rapidity-binned on-peak ATLAS data


check of  TMD validity range through variation of  qT/Q cut


Plans for the future: matching with Y-term for DY + fit including SIDIS data


TMD FFs


further constraints on x-dependence


flavour dependence

χ2 = 1.02
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Backup
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x-Q2 coverage
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Only data with 
qT /Q ≤ 0.2

DYNNLO  
for total σ

Datasets



Experimental uncertainties     
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statistic systematic

mi ± �i,stat ± �i,unc ± �(1)
i,corr ± · · · ± �(k)

i,corr
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the central value of 

the i-th measurement 
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Experimental uncertainties     
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covariance matrix

uncorrelated

multiplicativeadditive
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      chisquare     
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recover the form of 

the uncorrelated definition 


systematic shift

penalty term

�
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Substantial contribution from 


Low-energy data have lower  compared to high-energy 
data (larger normalisation uncertainties)


LHCb well described


ATLAS data well described except for low-rapidity bins 


Limited contribution from CMS (8 points)

χ2
λ

χ2


